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C I I A P T l ' i K  I  .  I N T R O D U C T I O N  A N D  O M . I K C T  I  V K S  
I n L  r o d u c  L  i o n  
Grain production and marketing are of vital importance to the agri­
cultural economy of Iowa. Production of over a billion bushels of grain 
annually enables Iowa to rank ?.s one of the leading grain-producing 
states in the nation. In 1970, Iowa produced 859.1 million bushels of 
corn and 186.6 million bushels of soybeans. Coupled with the extensive 
grain production is an ever-expanding volume of fed cattle and hogs. 
Iowa's annual slaughter of hogs and cattle leads the nation. 
Grain production has been increasing for many years, leading to an 
larger movement of grain off farms to elevators. The increased grain 
production is largely because of higher yields per acre. Higher yields 
have been achieved by improved management, increased fertilizer applica­
tion, new varieties, herbicides, insecticides and other factors. Corn 
yields rose from 63.2 bushels per acre in 1960 to 97.6 bushels in 1969. 
During the .same period, soybeans yields rose from 25.7 bushels to 32.3 
bushels. 
The increased grain production has been accumpanied by a dramatic 
shift in corn harvesting technology. In 1960, only 10 percent of the 
corn crop was harvested as shelled corn by picker-shellers and corn 
combines. The balance was harvested as car corn by ^^chanical pickets. 
By 1970, 54.2 percent of the corn was harvested shelled. Field shelling 
has been encouraged by the ability to handle a larger volume of grain 
with a given labor supply; the ability to harvest earlier reducing the 
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risk of excessive field losses due to severe weather; improved field 
shelling equipment; and other factors. The shift to field shell ing.. has. 
not been uniform throughout the state. However, it is likely to be a 
continuing trend in all areas. 
Field shelling of corn results in large quantities of high moisture 
corn being moved in a short period of time in the fall. In 1970, over 20 
percent of the crop moved to elevators at harvest. High moisture corn 
is a perishable product and requires specialized drying and conditioning. 
As more high moisture corn flows to elevators, additional investment in 
grain drying equipment, storage facilities, and high-speed receiving 
facilities is required. 
In 1970, there were about 1,100 firms licensed to store grain in 
Iowa, of which about 50 were grain processors and terminal elevators. 
Most of the elevators are part of a farm supply complex offering feed, 
fertilizer and other farm supply products and service. There are some 
1,650 feed manufacturers licensed in Iowa, along with 550 licensed 
ferciiizer blenders and distribucors. urain storage capacicy in Iowa 
rose from near 350 million bushels in the late fifties to about 443 
million bushels as of January 1, 1971. The industry was faced with ex­
cess storage capacity in the early sixties as a result of smaller Commodity 
Credit Corporation grain stocks associated with a shift in government farm 
programs. As production increased and field shelling was adopted in the 
late sixties, demand for elevator storage increased and capacity was ex­
panded . 
Changes in grain transportation technology and rater, coupled with 
increased exports have affected grain marketing in Iowa. Railroad branch 
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line abandonment ar.d periodic shortages in transportation equipment has 
posed problems for many elevator firms. Elevator costs of drying, 
handling, and storing corn have increased over the last decade. 
The elevator was historically located close to the farms it served, 
with the movement of grain tied closely to the horse and wagon. Thus, 
a proliferation of elevators and small towns emerged in Iowa, dependent 
on the farmer. Community trading areas in Iowa are generally six to 
eight miles in radius. The historical proximity of elevators and rural 
communities in general is questionable, in light of the modern transporta­
tion equipment and the good road system available. The farmer can now 
transport his grain longer distances and in a shorter time. The low 
additional cost per bushel to haul grain beyond traditional trading 
boundaries creates an incentive for elevators to be located further 
apar t. 
Objectives 
The overall objective of this study is to analyze the existing 
elevator industry structure and projected 1980 needs to provide guidelines 
for potential adjustment, which could lead to a lower cost for marketing 
Iowa's grain production. 
The specific objectives of the study are: (1) Project crop and 
liviibLOek production in Tnwa to 1980. based cn national estimates of de­
mand; (2) Examine historical trends in grain marketing with respect to 
the grain elevator industry at the country level in terms of number and 
size of elevators; (3) Estimate the economies of scale in elevator 
operations based on an analysis of costs in the current system and on a 
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engineering cost simulation of alternative size model elevators; (4) 
Estimate the opt?, num number and size of elevators in terms of a least 
cost system of grain assembly and grain handling in elevators; (5) Com­
pare the optimum model with the current industry structure and project 
the optimum structure for the elevator industry in 1980; (6) Provide 
guidelines for f5 -m expansion planning over a time horizon. 
The study focuses on the nine crop reporting districts in Iowa de­
lineated by the Statistical Reporting Service. These districts are 
shown with the counties they encompass in Figure 1. Grain production, 
grain marketing, livestock production, elevator capacity, number of 
elevators, and oC forth, are analyzed on a district basis, both 
historically and projected 1980. 
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Figure 1. Iowa counties and crop reporting districts 
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CHAPTER II. HISTORICAL TRENDS AND 1980 PROJECTIONS 
Historical Perspectives of Grain and 
Livestock Production in Iowa 
Iowa is a leading state in both crop and livestock production. Sig­
nificant shifts in crop and livestock production have been occurring in 
Iowa over the past fifteen years. Production of soybeans has more than 
tripled from 1954 to 1970, and production of fed cattle has more than 
doubled. In order to provide a rationale for projections of crops and 
livestock production in Iowa to 1980, an analysis was made of historical 
trends. 
Iowa has historically been the leading producer of hogs in the 
United States. Iowa produced 4.4 billion pounds of hogs in 1954. This 
represented slightly over 24 percent of the total production in the 
United States. Hog production has varied cyclically since 1954 in both 
Iowa and the United States. In 1969, Iowa produced about 4.9 b i l l i o n  
pounds of hogs, or about 24 percent of the total 20.4 billion pounds 
produced in the United States. A large share ot cne corn produced in 
Iowa is utilized by hogs. In 1969, there were 19.6 ir.illion head of 
hogs marketed in Iowa. A b S u n i i n g  L o r n  c o n s u m p t i o n  of 14.7 b u s h e l s  
per head, this would indicate a total of 288 miliiou bushels of corn 
fed to hogs in that year. 
Production of fed cattle in Iowa rose from 1,9 billion pounds in 
1954 to 4.6 bill inn pounds in 1969, an increase of 147 percent. This 
closely parallels the national increase of 160 percent over the same 
time span. In 1954, Iowa produced about 19.7 percent of the fed cattle 
in the United States. Tliis share declined to 18.7 percent in 1969. Fed 
cattle are the second largest class of livestock consuming corn. Fed 
cattle consumed about 255 million bushels of corn in 1969, based on an 
estimated consumption of 55.2 bushels per head. Based on January 1, 
1970, inventory figures, Iowa ranked first in the nation in the number 
of cattle and calves on feed, a position it has held for many years. 
Iowa experienced a decline in dairy cows during the 1954 to 1970 
period. There were 568,000 dairy cows and heifers, two years old and 
older, on hand on January 1, 1970, in Iowa. While the United States 
has experienced a similar decline in dairy cow numbers, Iowa has de­
clined at a sharper rate. In 1970, Iowa accounted for 4.1 percent of 
the dairy cows and heifers on farms in the United States. 
While dairy cows have experienced a decline in numbers, the number 
of beef cows on Iowa farms rose 45 percent in the same period. Beef 
cows have replaced dairy cows in Iowa on nearly a one-to-one basis. 
There were 1,443,000 head of beef cows, two years old and older, on low 
farms on January 1, 1970. Iowa's share of the national production of 
beet cows was about J.y percent in the mid-iy^U's and Iowa is currently 
maintaining this share. 
Fi'oducLiou of sheep and lauiLb dropped froiû 143 million pounds m 
1954 to about 94 million pounds in lyb9. This decline of 34 percent 
was slighcly larger than the national decline of 27 percent. As a re­
sult, Iowa's share of the national production dropped from 7=5 percent 
in 1954 to 6.7 percent in 1969. Iowa ranked third in the number of 
sheep and lambs on feed January 1, 1970, and ninth in stock sheep and 
lambs oil hand for Lue same date. 
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The number of all chickens on Iowa farms, as of January 1, dropped 
from 2') million head in 1954 to 16 million head in 1970. Over the same 
time period, national production rose about 17 percent. Thus, Iowa's 
share of the national production dropped from 7.9 percent to 3.8 percent 
over the 15-year period. Turkey production in Iowa rose from 88.5 
million pounds to 115.4 million pounds between 1954 and 1969. The 30 
percent gain in Iowa's production lagged far behind the national 
rate of gain in turkey production. Iowa's share of national production 
slipped from 7.6 percent to 5.5 percent over the same period. 
Corn is the major grain produced in Iowa, and the state consistently 
ranks first or second in national production. Production of corn in 
Iowa rose from 540.8 million bushels in 1954 to 859.1 million bushels 
in 1970, which was below the record 986 million bushels set in 1967. 
Iowa's share of the national corn production rose from about 20 percent 
in 1954 to 21 percent in 1970. In 1966, Iowa produced almost 22 percent 
of the corn in the United States. Acreage devoted to corn production has 
remained relatively stable over the last fifteen years, with the excepuiuu 
of the late 1950's when a larger acreage was rccordcd. 
Soybean production in Iowa haa Lilpleu from 56 million bushels in 
1954 to 187 million bushels in 1970. This dramatic increase in soybean 
production has come about as a result of increasing soybean yields 
couplcd with more acreage devoted to soybean production. In 1954, 
slightly over 2 million acres were devoted to soybean production, with 
an average yield of 26 bushels per acre. By 1969, 5.4 million acres 
were devoted to soybeans, witii an average yield of 32.3 bushels per acre. 
Almost 98 percent of the soybean crop was marketed through elevators in 
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Iowa. In the mid-1950's, Iowa's sliare was about 12 to 16 percent of the 
national soybean crop, and in 1970, it was 16.4 percent of the crop. 
Soybeans represented about 30 percent of the total grain marketings 
through elevators in Iowa during 1969. 
Oat production in Iowa dropped from 226.5 million bushels in 1954 
to 98.6 million bushels in 1970, a decline of 57 percent. In 1954, 
almost 6 million acres were devoted to oat production, compared with 1.8 
million acres in 1969. Over the same time span, oat yields increased 
from about 37 bushels per acre to over 50 bushels per acre. Oat 
seedings are used primarily as a cover crop to establish hay and pasture. 
Oats are used primarily for feeding livestock on the farm and, therefore, 
constitute a minute share of total grain marketings in Iowa. The de­
cline in oat acreage has been offset by the increase in soybean acreage 
in Iowa. Table 1 shows the production of various agricultural 
commodities in Iowa from 1954 to 1970, along with similar data for the 
United States. The Iowa share of national production is also shown on 
Tciblc 1 
1980 EsLimaLes oi" NaLioiial Agriculture Production 
Projections of national agricultural production in 1980 were de­
veloped by the U.S. Department of Agriculture (6; 8 and 9). These de-
1. t- V tie*. L. J- Mi- X. ^ i. W. g y ^  U A. ^ vy 
duct ion served as the basis for developing 1980 estimates of Iowa's 
production. 
The U.S.D.A. projections were based on an analysis of the demand 
for agricultural products in 1980. The economic setting in which these 
Tabl, 
Year 
1 9 5 4  
1 9 5 5  
1 9 5 6  
1 9 5 7  
1 9 5 8  
1 9 5 9  
1 9 6 0  
1 9 6 1  
1 9 6 2  
1 9 6 3  
1 9 6 4  
1 9 6 5  
1 9 6 6  
1 9 6 7  
1 9 6 8  
1 9 6 9  
Year 
1954 
1 9 5 5  
1956 
1 9 5 7  
1 9 5 8  
1 9 3  9  
1 9 6 0  
National and Imva production of crops and livestock and Iowa's share of production 1954-1970 
Hogs marketed Fed cattle marketed 
U.S. Iowa Iowa share U.S. Iowa Iowa sh; 
mil1 ion lbs . Percent million lbs . Percent 
18,218 4 , 4 2 1  24.27 9 , 4 8 2  1 , 8 6 4  19.66 
2 0 , 1 5 4  4 , 7 7 0  23.67 10,762 1,976 18. 36 
1 9 , 0 8 9  4 , 3 0 2  22.54 1 1 , 3 3 1  2 . 0 4 5  18.05 
1 8 , 4 1 3  4,152 22.55 1 1 , 2 8 5  2 , 1 4 7  19.03 
19,180 • 4 , 4 5 7  23.24 11,787 2,412 20.46 
2 1 , 2 7 3  4 , 7 4 3  22.30 12,843 2 , 5 6 9  20.00 
1 9 , 2 0 3  4 , 3 7 9  22.80 13,621 2,565 18.83 
2 0 , 1 6 7  4, 561 2 2 . 6 2  14,561 2,586 17.76 
2 0 , 2 7 5  4 , 5 9 9  2 2 . 6 9  1 5 , 4 3 4  2 , 6 8 7  17.41 
2 0 , 9 6 0  4 , 3 0 3  2 2 . 9 2  1 6 , 8 0 8  3 , 0 3 3  18.04 
2 0 , 2 1 7  4 , 3 7 4  24.11 1 8 , 3 1 9  3,174 17.33 
19,105 4 , 7 4 1  2 4 . 8 2  1 8 , 9 3 6  3 , 2 9 3  17.39 
1 9 , 1 0 7  4,767 24.95 2 0 , 5 9 7  3 , 5 8 0  17.38 
2 0 , 6 3 4  5 , 1 3 6  2 4 . 8 9  2 1 , 9 2 0  4 , 0 8 1  18.62 
2 1 , 1 0 2  5 , 2 3 2  2 4 . 7 9  2 3 , 2 8 6  4 , 3 5 0  18.68 
2 0 , 3 6 0  4 , 8 6 2  23.88 (Est.)24,669 4,618 18.72 
Corn pr oduc t ion Soybeans production 
U . S .  Iowa Iowa share U.S. Iowa Iowa share 
mil ] .ion bu. Percent mill ion bu. Percent 
2 , 6 8 0 . 5  5 4 0 . 8  20.18 341.6 56.1 16.42 
2 , 8 8 3 . 7  4 9 9 . 2  17.31 373.5 43.9 11.75 
3 , 0 9 0 . 1  5 0 3 . 6  16.30 4 7 9 . 8  50. 0 10.42 
3 , 0 7 2 . 9  611.3 19.89 4 8 3 . 7  7 6 . 3  15.77 
3 , 4 4 1 . 6  642 .4 18.67 579.7 7 9 . 5  13.71 
3 , 8 2 4 . 6  7 8 S . 0  2 0 . 6 3  5 3 2 . 9  6 2 . 8  11.78 
3 , 9 0 6 . 9  7 7 2  . 5  19.77 555.1 6 6 . 3  11.94 
19(51 3,597.3 75.') .2 20.94 
1962 3,606.3 745.1 20.66 
1963 4,019.2 85:.. 6 21. 19 
1964 3,484.3 754.7 21.66 
1965 4,084.3 814.5 19.94 
1966 4,117.4 901.7 21.90 
1967 4,760.1 986.3 20.72 
1968 4,393.3 91.2.1 20.76 
1969 4 , 5 7 7 . 9  922.8 20.16 
1970 4,109.8 859.1 20. 90 
Dairy cows and helEars 2 years and older 
Year U.S. Iowa Iowa shar 
mil. t nous. Percent 
1954 2 3 . 9  1,145 4,79 
1955 23,5 1,122 4.77 
1956 22.9 1,100 4.80 
1957 2 2 . 3  1,089 4,88 
1958 2 1 . 3  1,045 4.91 
1959 20.1 982 4,89 
I960 19.5 943 4.84 
1961 19.3 934 4.84 
1962 19.0 925 4,87 
1963 18.4 888 4.83 
1964 17.6 861 4.89 
1965 17.0 827 4,86 
1966 16,0 744 4.65 
1967 15.2 692 4.55 
1968 14,6 644 4.41 
1969 14.2 605 4,26 
1970 13.9 568 4,09 
,a 
Source : ( 6 3 ) ;  ( 6 4 ) ;  ( 6 5 )  and ( ( ( i ) .  
6 7 8 . 6  97.0 1 4 . 2 9  
669.2 93.6 13.99 
6 9 9 . 2  109.1 1 5 . 6 0  
7 0 0 , 9  121.2 17.29 
8 4 5 . 6  126.1 14.91 
928.5 147.4 15.87 
9 7 6 . 1  144.3 14.78 
1,103.1 178.0 16.14 
1,116.9 174,3 15.61 
1,135.8 186.6 16.43 
Beef cows 2 years and older 
U.S. Iowa Iowa share 
mil. thous. Percent 
25.1 992 3.95 
25,7 1,018 3.96 
25.4 964 3,80 
24.5 9 0 9  3.71 
24.2 870 3.60 
25,1 954 3.80 
26,3 993 3.78 
27.3 995 3,64 
28,7 1,028 3,58 
30,6 1,079 3.53 
32,8 1,172 3.57 
34,2 1,287 3.76 
34.4 1,300 3.78 
34.7 1,333 3.84 
35.4 1,346 3.80 
36.2 1,392 3.86 
37.4 1,443 3 . 8 6  
Tab II 
Year 
1954 
1955 
1956 
1957 
1 9 5 8  
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
Year 
1954 
1955 
1956 
1957 
1958 
1959 
Sheep and Iamb marketings All chickens 
U.S. Icwa Iowa share U.S. Iowa Iowa sh; 
million lbs. Percent mil . b ir ds Per ceni 
1,905.0 142 . 7 7.49 369.8 29.1 7 . 8 7  
1,933.4 146.2 7.56 3 9 0 . 7  29.1 7.45 
2 , 0 1 8 . 1  145 . 0 7.19 383.7 28.1 7.31 
1,821.6 14*'9 8.17 391.4 28.7 7.33 
1,877.5 151.4 8.06 374.3 27.5 7.36 
1,984.0 173 „5 8.74 387.0 28.2 7.29 
2,084.0 177.,7 8.53 369.5 25.8 6.99 
2,178.3 1 8 ( ,  . 4  8.56 366.1 25.0 6.83 
2,0/4.1 17A.1 8.39 377.4 24.0 6.36 
2,002.4 156.5 7.82 375.6 21.1 5.61 
1,860.4 148.2 7.97 382.3 20.2 5.28 
1,639.8 13'. .7 8.27 3 9 4 . 1  20.0 5.06 
1,654.4 130.4 7.88 393.0 18.6 4.74 
1,598.5 io:>. 6 6.42 428.7 18.3 4.26 
1,486.1 9!).l 6.67 425.2 16.6 3.91 
1 , 3 9 7 . 0  93.6 6.70 419.6 15.2 3.61 
431.5 16.2 3.75 
Oat production 
U.S. Iowa Iowa share 
million 3U. Percent 
1,497.0 226.5 15.13 
1,503.I 258.0 17.16 
1,163.2 154.6 13.29 
1,300.9 217.7 16.73 
1,415.6 219.4 15.50 
1,050.1 187.7 17.87 
1 9 6 1  
1 9 6 2  
1 9 6 3  
1 9 6 4  
1 9 6 5  
I 9 6 0  
1 9 6 7  
1 9 6 8  
1 9 6 9  
1 9 7 0  
Year 
1 9 5 4  
1 9 5 5  
1 9 5 6  
1 9 5 7  
1 9 5 8  
1 9 5 9  
1 9 6 0  
1 9 6 1  
1 9 6 2  
1 9 6 3  
1 9 6 4  
1 9 6 5  
1 9 6 6  
1 9 6 7  
1 9 6 8  
1 9 6 9  
1 9  7 0  
1 , 1 5 3 . 3  
1 , 0 1 0 . 3  
1 , 0 1 2 . 2  
9 6 5 . 5  
8 5 2 . 3  
9 2 9 . 6  
8 0 1 . 3  
7 8 9 . 2  
9 3 9 . 2  
9149.9 
9 0 2 . 8  
1 7 2 . 2  
1 4 0 . 9  
1 2 8 . 2  
1 2 6 . 0  
1 1 2 . 7  
1 0 4 . 9  
1 0 6 . 9  
1 0 1 . 4  
1 0 6 . 4  
9 2 . 0  
9 8 . 6  
1 4 . 9 3  
1 3 . 9 5  
1 2 . 6 7  
1 3 . 0 5  
1 3 . 2 2  
1 1 . 2 8  
1 3 . 3 4  
1 2 . 8 5  
1 1 . 3 3  
9 . 6 9  
1 0 . 9 2  
Turkey production 
U.S. Iowa Iowa share 
million hu. Percent 
1 , 1 6 0 . 5  8 8 . 5  7 . 6 3  
1 , 0 9 0 . 7  8 6 . 2  7 . 9 1  
1 , 2 7 4 . 3  1 0 2 . 0  8 . 0 0  
1 , 3 5 6 . 0  1 0 8 . 1  7 . 9 8  
1 , 3 5 6 . 2  1 1 9 . 6  8 . 8 2  
1 , 4 3 3 . 1  1 4 3 . 5  1 0 . 0 1  
1 , 4 8 8 . 6  1 3 8 . 1  9 . 2 8  
1 , 8 7 1 . 5  1 7 3 . 7  9 . 2 8  
1 , 6 2 6 . 0  1 4 0 . 9  8 . 6 6  
1 , 6 8 6 . 4  1 4 7 . 1  8 . 7 3  
1 , 8 2 6 . 0  1 5 5 . 5  8 . 5 1  
1 , 8 8 5 . 4  1 5 9 . 7  8 . 4 7  
2 , 1 2 3 . 5  1 4 0 . 6  6 . 6 2  
2 , 3 4 9 . , 7  1 5 1 . 6  6 . 4 5  
2 , 0 0 9 . 4  1 1 6 . 3  5 . 7 9  
2 , 0 2 4 , ,  3  1 1 5 . 4  5 . 7 0  
14 
projections wore derived included an estimated 1980 population of 235 
million people. Total disposable personal income, in current dollars, 
was estimated at $1,260 billion,dollars in 1980 compared with $589 
billion dollars average over the 1967-69 period. On a per capita basis, 
disposable income was estimated at $5,357 in 1980 compared to $2,930 in 
the three-year base period. The gross national product in current 
dollars was estimated at $1,826 billion. 
Domestic farm programs were assumed to continue to adjust supplies 
in line with market requirements, and import restrictions on dairy and 
beef were assumed to continue. It was also assumed that world trade 
policies will continue as in recent years and that no major crop failures 
will occur either in the U.S. or other large areas of the world. 
The U.S.D.A. projections include assumptions on per capita con­
sumption of various agricultural products. For example, per capita 
consumption of beef and veal is projected to 130 pounds in 1980, 
compared to a 1967-69 average of 112.3 pounds. Per capita consumption 
of pork is projected to increase to 66 pounds compared witti 04.9 pounds 
in the three-year period, 1967-69. Table 2 presents a summary of the 
important assumptions used in the u.S.D.A. study. 
Total production of beef and veal is projected to rise from 21,452 
million pounds (carcass weight) in the 1967-69 base period to 29,000 
million pounds in 1980. All poultry products were projected to increase 
in production in 1980. Production of pork was projected to grow from an 
average in the base period of 12,858 million pounds (carcass weight) to 
15,400 million pounds in 1980, as shown in Table 3. 
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Table 2. Assumptions for the U.S.D.A. projections of 1980 national 
agricultural production and comparisons to 1967-69 base 
per iod^ 
Economic setting 
1. Population, total mil. (July 1)^ 
2. Disposable personal income (cur­
rent dollars) 
Total (bil.) 
Per capita ($) 
3. Gross national product 
Current dollars (bil.) 
1958 dollars (bil.) 
1967-69 
200.2 
589.7 
2 , 9 3 0  
863.4 
703.2 
Projected 
1980 
2 3 5 . 0  
1,260 
5,357 
1 , 8 2 6  
1 ,120  
Per capita consumption 
Beef and veal (carcass wt., lbs.) 
Pork (carcass wt., lbs.) 
Lamb and mutton (carcass wt., lbs.) 
Chicken (ready-co-cook, lbs.) 
Turkey (ready-Lo-cOok, lbs.) 
Eggs (lbs.) 
Dairy (milk equivalent, lbs.) 
1967-69 
112.3 
64.9 
3.7 
37.8 
8.3 
41.9 
574 
Projected 
1980 
130.0 
66.0 
2,9 
49.0 
1 0 . 0  
39.5 
450 
^Source; (6); (8) and (9). 
slower rate of population growth appears likely, based on recent 
demographic reports; thus, population projection at 235 mil. is probably 
a maximum likely project ion. 
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Table 3. Projected 1980 agricultural production and net exports with 
comparisons to 1967-1969 base period^ 
Total production 1967-69 
Cattle and calves (carcass wt., mil. lbs.) 21,452 
Hogs (carcass wt., mil. lbs.) 12,858 
Lamb and mutton (carcass wt., mil. lbs.) 599 
Chicken (r.t.c., mil. lbs.) 7,722 
Turkey (r.t.c., mil. lbs.) 1,707 
Eggs (mil. doz.) 5,789 
Milk (mil. cwt.) 1,175 
Feed grains (mil. tons) 173.2 
Corn (mil. bu.) i-,579 
Oats (mil. bu.) 893 
Soybeans (mil. bu.) 1,069 
Projected 
1980 
28,670 
15,400 
532 
11,500 
2 , 5 0 0  
6,500 
1 ,070  
240 .0  
6,400 
881 
1,500 
Net exports 
Beef and veal (carcass wc., mil. lbs.) 
Pork (carcass wt., mil. lbs.) 
Feed grains (mil. tons) 
Corn (mil. bu.) 
Scybcans (mil. bu.) 
1967-69 
-1,456 
-3U4 
20.7 
594 
32 1 
Projected 
1 9 8 0  
-1 ,880 
-260 
34.7 
570 
'^Source: (6); (8) and (9). 
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Feed grain production is projected to rise to 2 4 0  million tons in 
1980 compared to 173 million tons in the base period. Production of 
corn is projected to rise from the base period average of 4.6 billion 
bushels to 6.4 billion bushels in 1980 with production of oats to re­
main relatively stable. Soybean production is projected to rise from 
1,069 million bushels to 1,500 million bushels by 1980. Net exports 
of feed grains and soybeans are estimated to be at a higher level in 
1980 than during the base period. 
The national projections were expressed in units of production, such 
as carcass weight of beef and millions of pounds of milk. It was 
necessary to convert these projections into animal number equivalents.^ 
Fed cattle marketings were estimated by using the following pro­
cedure. The total domestic requirement of beef on a carcass weight basis 
was calculated by multiplying a per capita consumption of 130 pounds, 
carcass weight, times the projected population of 235 million. This re­
sulted in a total requirement of 30,550 million pounds of beef on a 
carcass weight basis. Of this, 1,330 millioii pounds were fro™ 
net imports, r e s u l t i n g  i n  a d c w.estic production requirement of 2 8 , 6 7 0  
million pounds carcass weight. It was assumed that 80 percent of the 
domestic profuction of beef would be from grain fed cattle, or 2 2 , 9 4 0  
million pounds. An average carcass weight of 620.1 pounds per head was 
assumed for all cattle, based on an average carcass weight of 650 pounds 
per head for steers, and 552 pounds per head for heifers. Steers were as­
sumed to acfoiinL for 6 ,^5 percent of the fed cattle marketed. Dividing the 
^Tud procedures used were based on unpublished work by Dr. G. A. 
Ftitrell, Iowa State University. 
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domestic producI ion of grain fed beef by 620.1 pounds average carcass 
weight, resulted in a projected U.S. fed cattle marketings of 37 million 
head. 
Beef cow numbers in 1980 were estimated on the basis of a 5 percent 
increase in the productivity of the beef cow herd over the 1966-68 
level. This productivity increase would result from heavier weaning 
weights and a higher percentage calf crop. With this increased pro­
ductivity, it was assumed that there would be 1,702 beef cows per 
million pounds of total beef production from beef cattle. It was 
assumed that 975 million pounds of the total domestic requirement of 
beef would come from dairy cattle, leaving a requirement of 27,695,000 
pounds from beef cattle. This would result in an estimated 47.1 million 
head of beef cows in the United States. 
Milk cow numbers were based on the projected domestic requirement 
of 450 pounds of milk equivalent times the estimated population. Net 
imports of 5 million pounds were subtracted from this requirement and 
12 million pounds of milk for non-food uses wcie aJdcJ. This resulted 
in a requirement of 1,070 million pounds of domestic production. This 
was divided by an average of 10,900 pounds of milk per cow to obtain 
the projected 198(.: milk cow inventory of 9,817,000 head. 
Projected hog marketings were based on per capita consumption of 
66 pounds, carcass weight, times the 1980 population, or 15,510 million 
pounds. With an average dressing yield of 65 percent, excluding lard, 
a per capita consumption of 66 pounds carcass weight would be equivalent 
to 101.Ô pound: on a live weight basis. Thus, the total domestic use 
on a live weight basis would be equivalent to 23,876 million pounds, less 
net imports of 400 million pounds. With an average liveweight of 240 
pounds at slaughter, this would require 97.8 million head of hogs. 
Sheep and lamb marketings in 1980 were projected at 10.6 million 
head. This was based on an assumed carcass weight of 50 pounds and a 
total domestic requirement of 682 million pounds, less assumed net 
imports of 150 million pounds in 1980. 
The 1980 requirement of 6,500 million dozen eggs included a 
domestic food usage of 5,900 million dozen eggs, 550 million dozen for 
non-food uses and the balance as net exports. An average production of 
232 eggs per bird was assumed for 1980. Dividing domestic production 
by 232 eggs per bird resulted in 336.2 million birds in 1980. 
The 1980 net domestic production requirement for turkeys was 2,500 
million pounds on a ready-to-cook basis. An average liveweight of 
19.1 pounds per bird sold and a ratio of liveweight to dressed ready-to-
cook weight of .79 was assumed. This resulted in a ready-to-cook weight 
of 15.1 pounds per bird. The net domestic production dividing by 15.1 
requires a total of 165.6 million turkeys marketed in 1980. 
Iowa's Share of the United States and 
Projected Iowa Production in 1980 
To estimate Iowa's share of the national production projected by the 
U.S.D.A., historical data and likely shifts vere considered, Tnua's 
share of national production was examined using least squares regression 
techniques on historical data from 1954 to 1970. Iowa's share of the 
national production by commodity was the dependent variable, and time, 
the independent variable. The share data utilized as the dependent vari­
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able is presented in Table 1. The results of the statistical analysis 
by commodity and the 1980 estimated Iowa share of national production 
based on the time trend regression are shown in Table 4. 
An estimate of 26 percent as Iowa's share of the national production 
of hogs was obtained from this analysis. In the five years preceding 
1969, Iowa had nearly a 25 percent share of the national hog production. 
Iowa's fed cattle production in 1980 was projected to be 17 percent of 
the national production. This represents a decline in share compared 
to recent years. However, it is consistent with the observed general 
decline in Iowa's share of fed cattle marketings. Increasing regional 
competition in fed cattle production, particularly the growth of large 
feed lots in other parts of the United States, indicates that Iowa will 
likely have a smaller share of national production in the years ahead. 
The time trend analysis of Iowa's share of dairy cows indicated 
about a 4 percent share of national production. This estimate was 
adjusted downward to 3.4 percent based on consultation with various in­
dividuals knowledgeabie in tne dairy industry. The uime LieuJ esLLuaLc 
of beef cow production in Iowa indicated a 3.7 percent share of national 
productiùii, compared with a current level of 3.9 percent. The increase 
of fed cattle production in Iowa coupled with competition for replace­
ments obtained from the western plains states indicates that Iowa will be 
producing a larger number of replacements in the future. Thus, a 1980 
share of 4.2 percent was assumed for beef cows. The time trend estimate 
for sheep and lamb marketings was 6.7 percent of the U.S. production. 
The share of sheep and lamb marketings in Iowa has varied widely over 
the time period analyzed. 
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Table 4. Statistical results of time trend analysis of Iowa's share 
of national production 
I tern 
Regression 
coeffic ients Estimated 
198U share' 
Hogs 1128 22.6U63 2.5 .307 
Fed cattle .0825 19.1835 ,17 -1.7 .167 
Dairy cows .0348 5.0268 .041 -2.3 .518 
Beef cows ,0017 3.7696 .037 -.3 .004 
Sheep and lambs -.0576 8 .2660  .067 -1.5 .146 
Chickens .2877 8.5315 ,008 -16.5 .948 
Turkeys ,0014 .0921 .052 2.4 .294 
X  S I S /  1.11 . ino 
Soybeans 1995 12.67HH . 1 : 2.5 .290 
Oat H .3673 ]7.onhl ,07 I -5.4 . 660 
Iowa share = a + b (time). 
These shares were later modified to reflect subjective judgment 
of Iowa's share of national production. Assumed Iowa's share for dairy 
cows as .034, beef cows as .042, and chickens as .035. 
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fowa's share of the national turkey production was projected at 5.2 
percent based on the time trend analysis. Iowa has experienced a decline 
in share since 1960. Iowa's share of laying hens was estimated at less 
than one percent based on a time trend analysis. However, a major 
structural change has been occurring in the Iowa egg industry. The 
number of birds in flocks under 1,600 birds dropped from about 27 
million in the late 1950's to about 10 million birds in 1968. At the 
same time, birds in flocks over 1,600 increased from 461,000 birds in 
1958 to 4.6 million head birds in 1968. A time trend regression of pro­
duction in the 1,600 and over flock size from 1958 to 1968 resulted in 
an estimate of over 8.3 million birds in 1980. A similar regression of 
birds in flocks under 1,600 resulted in a negative estimate of production 
for 1980. Based on consultations with poultry scientists, a 1980 share 
of 3.5 percent was assumed for Iowa. 
Corn production in Iowa was estimated at 23 percent of the national 
total in 1980 based on time trend analysis of the shares. In two years 
ir. the -.id 196G'c, lo\:z approachcd 21 percent of the narinnal nrnnrrrinn. 
It is likely that Iowa will continue to enjoy a comparacive advantage in 
the production of corn in the future. Thus, the time trend share estimate 
of 23 percent was assumed in the projections. Using the same methodology, 
Iowa's share of national soybean production was projected at 18 percent. 
This represents an increase in share compared with historical patterns. 
Iowa's share of national oat production was projected at 7.1 percent in 
1980 based on the time trend analysis. Iowa has experienced a declining 
oat production and a declining share of national production. 
23 
The relative goodness of fit of the time trend regression, as 
measured by the R-squared statistic, shows wide variability between 
commodities. The R-square ranges from a low of .004 for beef cows as a 
function of time to .948 for chickens. 
Table 5 presents 19 80 projections for Iowa by commodity based 
on the share assumptions and derived demand estimates for the nation as 
a whole. 
Corn production in Iowa is projected at 1.472 billion bushels in 
1980, an increase of 57 percent over the 1967-69 average. Soybean 
production is projected at 270 million bushel in 1980, a gain of 66 
percent over the base period. Oat production is projected to decline 
37 percent from the base year average to 62.6 million bushels. 
Fed cattle marketings are projected at 6,290,000 head in 1980, up 
45 percent from the base period. Beef cows are projected at 1,978,000 
head in 1980, almost the same increase as fed cattle. Hog marketings 
are projected at 25,428,000 head in 1980, a gain of 21 percent. Lamb 
marketings, miiK cow numbers, and hens are projecLeù Lu deuliuc. 
The projected increases in crop and livestock production in 1980 
will result in an increased movement of grain in marketing channels and 
an increased demand for such farm inputs as feed and fertilizer. Par­
ticularly critical to this analysis are the change in grain production 
and the change in hog and fed cattle marketings. The following chapter 
on grain sales, and in particular, the corn sales estimation model, 
quantifies the relative importance of these variables. 
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Table 5. L980 projected U.S. agricultural production, Iowa share of 
U.S. production, 1980 Iowa projected agricultural production, 
and change in Iowa agricultural production from the 1967-1969 
1980 projections Change from 1967-1969 
U.S. Iowa Iowa Iowa average production 
production share production to 1980 projected 
Item (millions)^ of U.S. (millions) (percent) 
Grain: (bushels) 
Corn 6 , 4 0 0  .23 1,472 457 
Soybeans 1,500 .18 270 +66 
Oats 881 .071 62.6 -37 
Livestock; (head) 
Fed cattle 
marketed 37.0 .17 6.290 +45 
Beef cows 47.1 .042 1.978 +44 
Hogs marketed 97.8 .26 25.428 +21 
Lambs marketed 10.6 .067 .710 -20 
Milk cows 9 . 8  .034 .333 -48 
Poultry;(birds) 
Hens and pullets 3 3 6 . 2  .035 11.767 -9 
Turkeys 167./ . 0 5 2  8 . 7 2 0  +37 
^Source: (6); (8) and (9). 
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Crop Reporting District Share of Iowa 
An analysis of historical production trends by commodity within the 
nine crop reporting districts of Iowa shows changes in absolute levels of 
production and relative shares of the state production represented by 
the crop reporting district. Data on selected agricultural commodities 
and other characteristics were obtained from the "Iowa Annual Farm 
Census" (34), and from annual pig crop reports from the Statistical Re­
porting Service (35; 36). 
The livestock data included in the "Iowa Annual Farm Census" is 
based on county assessor reports. This data has historically indicated 
lower levels of state production of most kinds of livestock than shown 
by other estimates of Iowa production and by actual marketing levels. 
Therefore, the livestock data was adjusted to the level of state-wide 
production and marketings estimated by Statistical Reporting Service. 
The ratios of the state totals from the "Iowa Annual Farm Census" 
to the totals reported by the Statistical Reporting Service sources were 
computed for each year for each class. County data from the Iowa Annual 
Farm Census was adjusted by dividing by the same ratios for the 
appropriate year and class. Thus, it was assumed that the biases in 
the Iowa Annual Farm Census were uniform from one county to another. This 
methodology was developed by extension economists at Iowa State Uni­
versity (46). The data on hogs was obtained from the pig crop reports 
noted previously and did not require adjustment. 
The county data was aggregated for the crop reporting districts for 
the period 1954 to 1969. Tlie district's share of total Iowa production 
was computed by dividing the district's production by the total state 
26 
product ion. Appendix A presents the information on crop production, 
I ivf.sLoi k ivruduction and crop acreages by crop reporting districts for 
the period 1960 to 1969. Examination of this data revealed significant 
shifts in production among and within crop reporting districts. 
Corn production in Iowa has been concentrated mainly in crop re­
porting districts 1, 2, 4, and 5, or the central and northwestern parts 
of the state. Almost one-sixth of the state's corn crop is produced in 
the central Iowa district, and this share has remained relatively 
constant over time. Central Iowa had an average production for the 1967-69 
period of over 150 million bushels. North central Iowa has shown an in­
creasing production and share since 1960. South central Iowa had the 
lowest corn production of any district, with an average of about 38 
million bushels in the three years 1967-1969. 
Soybean production has increased in all districts from 1960 through 
1969. Central Iowa was the leading producer of soybeans with an average 
production of just over 41 million bushels for the 1967-69 period. 
Gciieiallyj uiaLiiuLa CApci. jlcïiu xng à. Icîi gc Oviutj c i.uu oT uOiii ciloO 
diiccd large volumes of beans. All areas of the state have experienced a 
dsclinG in th0 Yolu#G of oEt productioni THg northscist crop reporting 
district is one of the leading oat-producing districts. 
Trends in fed cattle production are shovm in Appendix A. North­
west and west central Iowa produce over 40 percent of the total fed 
cattle in Iowa. Both areas have shown an increase in share of Iowa pro­
duction over the 10-year period 1960-69. Every district has experienced 
an increase in production of fed cattle. East central Iowa has shovm a 
declining share of Iowa's production over the period. 
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The relative distribution of hog production across the state has re­
mained somewhat stable. East central Iowa leads the state in hog pro­
duction, marketing around 300 million hogs annually. Northeast Iowa 
closely follows in number of hogs produced each year. Combined, these 
two districts produced about 30 percent of the hogs sold in Iowa. Pro­
duction trends in terms of numbers and relative shares of the state for 
beef cows, milk cows, fed lambs, sheep, milk cows, hens, and turkeys are 
shown in Appendix A. 
The share of the state's production of each commodity by crop re­
porting district from 1960 to 1969 was analyzed using least squares re­
gression techniques. The district's share of a particular commodity was 
assumed to be a function of time. The regression coefficients were com­
puted and a time trend estimate of the 1980 share of Iowa production ob­
tained for each district by commodity. An average of the past ten years' 
share was also computed. Appendix B contains selected information 
on each commodity by crop reporting district. This includes the ten-year 
average ôharc, the tizc trend 19b0 share, and the srarisriral 
coefficients. 
Thp statistical significance of the b coefficient for time was ex­
amined using the T test. The time variable as a significant predictor of 
the district's share of total Iowa production by commodity exhibited 
variation among commodities. For example, only two of the nine crop re­
porting districts had a b value for time significant at the 5 percent level 
for corn production. On the other hand, 7 of the 9 coefficients for 
the crop reporting districts' share of soybean production were signifi­
cant at either the 1 or 5 percent level. The time trend variable was 
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significanL in more districts for beef cows than any otlier commodity. 
Since time was shown to be the more significant variable for some 
commodities than with others, it was decided to use a combination of the 
1980 time trend estimate of share and the ten-year average share to pro­
ject the 1980 product ion-sharing districts. For example, the time trend 
estimate of 1980 share of corn production in a district was given a 
weight of .3 ai.d the ten-year average share was given a weight of seven-
tenths. Thus, the 1980 projected share of corn production in each 
district was computed by the following formula: 
1980 share = .3 (1980 time trend share) + .7 (10-year average share) 
The projected 1980 shares of a particular commodity by crop reporting 
districts were then added. If the summation of the district shares did 
not equal one, the shares in each crop reporting district were adjusted 
uniformly such that the total would equal one. For example, if the 
summation equaled only 0.90, all shares were divided by .90. Thus, the 
subsequent summation would equal one. Table 6 shows the weights assumed. 
The prujccLcJ ahaie for each eoinmcdity in a particular crop re­
porting district was multiplied by the 1980 level of low# production in 
that respective commodity. This resulted in 1980 estimates of production 
for each commodity in each of the nine districts. Appendix R shows the 
1980 time trend share estimates and its relevant statistical coefficients, 
the projected 1980 share, the ten-year average share, the 1980 level of 
production, the 1967-69 average production and the ratio of the 1980 
production to the 1967-69 production. 
Examination of these tables shows that each district's corn pro­
duction is projected to rise 5U to 60 percent over the three-year average 
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Table 6. Significance of t-test for time as variable to predict crop re­
porting district share of state production and the weight 
assumed for the time trend estimate by commodity 
No. of significant Time trend 
Item t-tests^ weight assumed 
Corn 2 .3 
Soybeans 7 .5 
Oats 7 .5 
Fed cattle 6 .4 
Beef cows 9 . 6 
Hogs 7 .4 
Lambs 5 .4 
Milk cows 8 . 6 
Hens 6 .5 
Turkeys 8 .5 
iNumber of crop repuiLiug, dloLricts in which the t tcct of the b 
coefficient for the time trend of share of state production was signifi­
cant at the 5 percent level. 
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level. Soybean production is projected to increase in every district 
over 1967-69 levels. The rate of growth in soybean production varied 
from a 42 percent increase in south central Iowa to almost a doubling 
of production in northeast,central and south central Iowa. Oat pro­
duction is projected to decrease in every district. 
The possibility that grain production projections for a district 
might exeed the cropland availability was examined. Alternative methods 
of estimating cropland availability were explored. The recently-completed 
study of Iowa conservation needs (30) provided an inventory of land re­
sources in Iowa, their current use and capability. 
Iowa has a total land area of 35.8 million acres. Cropland accounts 
for 26,458,321 acres. Of the 26.5 million acres in cropland in 1967, 
16.4 million acres were in row crop production. The row crops consisted 
almosi. entirely of corn and soybeans. The study divided the land into 
various capability classifications. Of the total cropland, 3.6 million 
acres were classified as a Class I land. Soils in this class have few 
limitations that restrict their use. Another 8.4 million acres was 
classified as Class II land. Soils in Class II liave If-ita-
tion that reduce the choice of crops planted and require moderate 
conservation practices. 
Data on the number of acres of cropland and row crops by county was 
aggregated to a crop reporting district basis. Based on consultations 
with agronomists and others, it was felt that 19 to 20 million acres of 
the 26 million acres of cropland currently available could be devoted to 
row crop production. In other woras, about four-tenths of the difference 
between the 1967 level of row crop production and total cropland could be 
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devoted to additional row crop production. Since there is a wide varia­
tion in soil types and other physical features across Iowa, a quantitative 
measure of cropland suitability was required. 
Dr. T. E. Fenton, Department of Agronomy, Iowa State University, 
has developed a rating system for Iowa soils (14). Corn suitability 
ratings were developed for each soil type in Iowa. Various factors such 
as slope, climate, drainage, erosion, depth phase, parent material, and 
special soil conditions were considered by Fenton in developing the corn 
suitability rating for each soil type. Fenton determined the mean crop 
suitability rating for each county in the state using the information from 
the Conservation Need Inventory Study (30). The corn suitability rating 
ranged from 36 in Appanoose County to 85 in Grundy County, with a state­
wide average of 63.2. 
To estimate the availability of cropland for row crop production in 
each county, the ratio of the county's corn suitability rating to the 
state average corn suitability rating was utilized. The row crop avail­
ability by county in 1950 way de Lei mined u'y usiiig the following cquaticr.: 
So-.- Crop Availability = ( Corn SuitabiUty RatinR County i , , 
. •' State Average Corn Suitability Racing in County i ° J O  
(1967 Cropland - 1967 Row Crop Acres)(.4) 
The county row crop acres available were aggregated into crop reporting 
district totals. 
The next step in the analysis was to estimate corn and soybean 
yields for Iowa and each crop reporting district. A state-wide average 
yield of 110 busliels per acre for corn and 40 bushels per acre for beans 
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was assumed. The U.S.D.A., in their 1980 projections, indicate that most 
of the increased crop production will come from increased crop yields. 
Donald Durost, agricultural economist with the Department of Agriculture, 
stated in a recent paper, "In looking ahead to the 1970*s, I expect yields 
to continue their upward trend. Extrapolation of the recent trend 
probably will underestimate the actual level of yields obtained by 
1980" (11). Durost further reported that he saw no evidence that a 
plateau had been reached in corn yields for the Corn Belt. 
Crop reporting district yields were developed by analyzing the crop 
reporting districts' yield in relation to the state yield from I960 to 
1969. A lO-year average ratio of the crop reporting district yields to 
Iowa yields was calculated. In addition, an implied yield ratio was de­
veloped by dividing the 1980 share of corn or soybean production in a 
crop reporting district, based or the time trend estimate by the time 
trend share estimate of corn or soybean acreage. The two ratios developed 
were then weighted by the same factor as used to weight the time trend 
and average share for prujecLiug Llie 19GC aliâïc of tha ccinrr,cdity prcducticn. 
This weighted ratio was then multiplied by the respective state yield to 
determine the crop reporting district yield: The district yield estimate 
was divided into the production projections to determine the acreage re­
quired in 1980 for corn and soybeans. 
Table 7 shows the 1980 acreages of corn and soybeans and the total 
acreage of these two row crops. Also shown is the 1980 row crop avail­
ability guideline. The ratio of row crops to total cropland is shora 
for 1957 and also for 1980 projections. Corn and soybean yield estimates 
for 1980 are shown in Table 7 . The projected 1980 row crop acreage ex-
Table 7 .  Projected 1980 row crop acreage, row crop acreage available, share of cropland devoted to 
row crops and crop yields, by crop reporting district in Iowa 
Estimaced row crop acreage Guideline 
in 1980 row crop 
District Corn Soybeans 
(000 acres;) 
Total acres 
Ratio 
1980 total 
row crop 
Share of 1967 
cropland in 
row crops 
Corn 
yield 
Soybean 
yield 
available to guideline 1980 1967 (bus. per acre) 
1937 1143 3080  3017 1 . 0 2  0.85 0.71 104.7 35 . '  
1731 1117 2848  2806 1 . 0 1  0,85 0.70 119.5 40 .9  
1375 412 1787 1995 0.90 0.61 0.48 106.9 36.3 
1877 968  2846  2892  0 .98  0.76 0.64 105.4 38 .4  CO 
2016 1172 3189  3069 1.04 0.87 0.69 117.4 42 .5 
1569 518 Î087 2040 1 . 0 2  0.76 0.56 118.7 46.2 
1092 603  1696 1748 0.97 0.72 0.58 99.8 41.1 
666 389  1055 1243 0.85 0.55 0.50 93.7 33.4 
1126  431  1557 1592 0 .98  0.73 0.61 109.1 47.0 
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ceeded the row crop availability guideline by a small percentage in four 
districts. 
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CHAPTER III. GRAIN SALES IN IOWA 
A Review of Grain Sales in Iowa 
The increasing production of corn and soybeans in Iowa has resulted 
in an increased flow of grain from the farm to the local elevator. For 
example, Table 8 shows that corn production in Iowa rose from 754.7 
million bushels in 1964 to 922.8 million bushels in 1969, while off-farm 
sales of corn increased from 316.7 million bushels to 424.5 million 
bushels. Iowa has experienced not only a growth in corn production but 
an increase in the share of the corn crop that moves off farms. In 1964 
it was estimated that about 42 percent of the crop was sold off the farm 
compared with 46 percent in 1969. 
Soybean production has shown a dramatic increase in Iowa. In the 
six-year period shown in Table 8, there was an increase of over 50 
million bushels of soybeans sold. Historically almost 98 percent of the 
soybean crop has been sold off the farm, with the remainder being used 
mainly for seed and a limited amount for livestock feeding. Oat pro­
duction and marketings in the period has snown a decline. Geueially, 
oats are fed on the farm where produced or saved for seed. With the ex­
ception of 1968, only about 27 or 28 percent of the cats produced were 
sold off the farm. 
In 1964, total corn, soybean, and oat sales were just over 465 
million bushels. By 1969, total sales had increased by a third or by 
155 million bushels. Total grain sales in both 1968 and 1969 amounted to 
about 620 million bushels. These grain sales represent off-farm move­
ments of grain estimated by the Statistical Recording Service, based on a 
sampling procedure, llie sample used for this estimate is largely composed 
Table 8. Grain production, grain sale 
1964-1969* 
1964 1965 
Corn : 
Produced 754,695 814, 5 0 6  
Sold 316,742 333,947 
Soybeans : 
Produced 121,239 126,100 
Sold 118,141 122,910 
Oats : 
Produced 112,714 104,948 
Sold 30,433 28,336 
Total sold 465,316 485,193 
Corn: .42 .41 
Soybeans: .974 ,,975 
Oats : .27 ,27 
'"^Source: (31). 
and share of production sold in Iowa by crop years. 
Crop year 
1966 1967 1968 1969 
Grain production and sales 
(000 bushels) 
901,748 986,332 912,144 922,768 
396,769 433,986 410,465 424 ,473  
147,382 144,265 177,952 174,339 
144,090 140,976 174,847 171,205 
106,866 101,370 106,436 92,000 
29,922 28,384 35,124 24,840 
570,781 603,346 620,436 620,518 
Share of production sold 
.44 . 44  .45 • 46 
.978 .977 .983 .982 
. 28  .28 .33 .27 
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of general livestock farms. More grain would tend to be fed on farms 
with livestock than on specialized cash grain farms. Thus, these 
estimates could tend to understate off-farm movements of grain. 
Of significant interest has been the trend to field shelling of 
corn in Iowa and other Corn Belt states. In 1964, 80 percent of the 
corn left the field on the ear. By 1970, less than one-half of the corn 
was harvested on the ear. One-half the corn acreage was harvested on the 
ear in 1964 in Indiana and Illinois. By 1970, this figure had dropped 
to less than one-fourth of the total crop. In 1970, 35.6 percent of 
Iowa's 10 million acres of corn for grain was harvested with combines. 
This is up from only 5.7 percent in 1964. Field picker-shellers harvested 
8.4 percent of the corn acreage in 1970 compared with 6.0 percent in 1964. 
The shift to field shelling has not been uniform across the state 
as shown in Table 9. In southeast Iowa only 30.5 percent of the 1970 
corn acreage was harvested as ear corn using mechanical pickers. In 
northwest Iowa 63.5 percent of the acreage was harvested as ear corn. 
The ceuLra-l ùlsLiluL of Iowa harvested cr.ly about a th.ird of it? rmn 
acreage as ear corn. South-central, east-central and northeast Iowa 
harvested about 40 percent of the corn acreage as ear corn. West-central 
Iowa was close to the northwest area with 59.1 percent being harvested 
by mechanical pickers in 1970. Northwest Iowa and west-central Iowa both 
have a heavy concentration of cattle feeding. The desirability of an 
ear corn ration for a roughage source may have deterred some farmers from 
switching to field shelling. It is likely that field shelling of corn 
will increase in all areas of the state. All districts have shown a 
dramatic increase in field shelling in the period 1964 to 1970; however, 
Table 9. PercenL of corn acreage harvested by designated methods, Iowa 
and selected states 1964, 1967 and 1970^ 
Area 
Distr ict 
Mechanical picker 
1964 1967 1970 
Percent 
Field 
picker-sheller 
1964 1967 1970 
Percent 
Corn head on 
combine 
1964 1967 1970 
Percent 
1 88.6 73.5 63.5 
2 84.2 55.7 46.6 
3 82.3 62.4 40.3 
4 83.3 66.3 59.1 
5 77.4 51.2 32.7 
6 84.8 57.5 39.6 
7 78.7 65.9 48.0 
8 74.8 69.0 39.2 
9 66.6 45.1 30.5 
IOWA 81.2 60.S 45.8 
Illinois 55.0 36.0 24.0 
Indiana 47.2 28.8 22.7 
58.4 40.5 
4.3 
5.5 
9.9 
5.3 
6.9 
5.2 
5.2 
9.2 
4.7 
6.0 
5.6 
9.3 
11.3 
4.2 
7.2 
8.9 
10.7 
7.1 
6 . 6  
7.7 
Minnesota 
7.0 8.0 
7.0 8.7 
9.4 
6.7 7.1 20.9 29.7 
8.1 10.3 34.8 45.3 
9.3 7.5 25.7 50.0 
5.7 11.4 29.5 35.2 
8.2 15.6 41.6 59.0 
15.0 9.7 33.3 45.3 
8.0 16.1 23.4 43.6 
3.7 16.0 23.7 57.0 
10.1 28.4 48.1 59.3 
8.4 12.7 31.5 45.6 
7.5 38.0 56.0 68.5 
7.3 45.1 62.2 69.0 
b 8 . 8  31.4 50.5 
^Source: (32), 
^Not available. 
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l1)l' rate of adoption of field shelling has varied. 
The implications of field shelling on corn marketing can briefly be 
summarized as: (1) an increasing flow of high moisture corn requiring 
drying and specialized handling, and (2) an increasing proportion of 
corn moving to elevators during the fall harvest period. 
Since high moisture corn is a very perishable commodity. Lhe ele­
vators must be prepared to condition and store the corn within a few 
days after delivery. The long line of farm trucks and wagons waiting 
to unload at country elevators points up a possible gap between the 
greatly expanded harvest capacity as compared with drying and storage 
capacity at the elevator. Many elevators are not equipped to receive 
and handle high moisture corn as rapidly as farmers can deliver it. As 
a result, Iowa elevators have been faced with the need for major adjust­
ments in services and facilities over the past few years. 
In 1970, over 40 percent of corn stored on farms was artificially 
dried compared to only 12.5 percent in 1964. Table 10 shows slightly over 
>  n p r r p n r  o f  r h p  r o r n  R r o r e d  o n  f a r i i K  d r i e d  a r L l i i c i â l l v  o f f  t h e  f a r i û .  
Iowa farmers marketed 13 percent of their corn crop directly from 
the field in 1970 and stored about 8 percent of it off their farms. In 
1964, the combined total of corn marketed direct from farms and stored 
off the farm by producers was less than 10 percent. The fall movement 
of new crop corn is defined for the purpose of this analysis as the sum 
of the corn marketed direct from field plus the corn stored by producers 
off farms, as shown in Tables II and 12. 
In 1969, almost 200 million bushels of corn moved to the elevators 
during the fail harvest period. This fall movement of corn is equivalent 
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Table 10. Drying of corn stored on farms, Iowa and selected states, 
1964, 1967 and 1970* 
Area 
Distr ict 
Artificially 
on-farm 
1964 1967 1970 
Percent 
Artificially 
off-farm 
1964 1967 
Percent 
1970 
1 
2 
3 
4 
5 
6 
7 
IOWA 
Illir 
Indiana 
Minnesota 
8.2 18.8 29.5 .6 2.9 1.6 
12.9 31 .2  39.9 1.5 3.7 2.6 
11.2 28.7 52.5 .9 1.3 1.2 
11.5 22.2 25.0 2.3 4.7 0.5 
14 .9  32.6 46.4 1.3 5.7 5.0 
8.7 34.8 52.5 .7 2.9 1.4 
14.7 27.6 30.2 .2 .1 2.5 
15.0 17.4 39. 1  3.2 4.0 4.3 
19.2 33.9 47.8 2.3 2.1 3.0 
12.5 28.2 40.6 1.3 3.3 2.4 
21.0 50.0 65.0 :5 2.0 1.0 
36.2 56.8 62.3 .6 1.7 1.0 
35.3 50.9 4.0 3.9 
Source: (32). 
Not available, 
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Table 11. Methods of handling corn at harvest, Iowa and selected states, 
1964, 1967 and 1970*  
Area 
Dis trlet 
Marketed direct 
from 
f ield 
1964 1967 1970 
Percent 
Stored by 
producer 
off-farm 
1964 1967 1970  
Percent 
1 
2 
3 
4 
5  
6 
7 
IOWA 
Illinois 
Indiana 
Minnesota 
5.2 
4.8 
7.2 
10.2 
9.6 
9.1 
1 1 . 8  
10.7 
14.3 
8.7 
6 . 6  
8.3 
7.3 
6 . 1  
6 . 1  
7.7 
4.0 
9.6 
9.3 
7.0 
10.8  
13.4 
1 0 . 6  
11.7 
17.3 
1 1 . 2  
9 .8  
17.7 
1 6 . 2  
13.1 
24.0 17.5 21.5 
24.0 31.4 29.3 
11.5 18.4 
. 6 
1 . 2  
. 6  
2 . 2  
.5 
.7 
.7 
2.3 
2.3 
1 . 1  
4 .0  
7.6 
1 2 . 0  
6 . 1  
6 = 6 
12.9 
6 . 1  
8 . 1  
1 0 . 1  
19.0 
9.7 
6.9 
7.0 
4.7 
in,? 
1 2 . 1  
4.2 
5.9 
4.5 
1 1 . 8  
7.8 
5.5 12. 
b 
14.0 13.5 
12.3 
5.0 5.0 
^Source: (32). 
^Mot available. 
Table 12. Corn harvesting metliod, fall movement of corn and share of crop moved in fall by crop 
year 1964-1969 
Crop year 
1964 1965 1966 1967 1968 1969 
Percent ear corn^ 81.2 75.2 66.2 60.5 56.6 51.1 
Fall movement 
Percent of crop 9.8 10.4 15.7 16.7 18.1 21.5 
Bushels 73,960 84,709 141,574 164,717 165,098 198,395 
Percent Fall^ 23.3 25.3 35.6 37.9 40.2 46.7 
^Source: (32). 
^Corn reported as harvested by mechanical picker. 
"•palL movement is the coin marketed direct from field plus corn stored off farm by producers. 
^Fall movement of corn as percent of corn sales. 
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to 46.7 percent of the total corn sold during the 1969 crop year. This 
is double the share of the crop moved in the fall of 1964. Thus, ele­
vators received an additional 130 million bushels of corn during the 
fall period in 1969 compared to 1964. 
The amount of soybeans moved to elevators during the fall harvest 
season were estimated by considering changes in farm stocks of soybeans 
between September 1 and January 1 and soybean production. Fall movement 
of soybeans was defined as equal to September I farm stocks plus pro­
duction, less January 1 farm stocks. The share of the fall movement was 
defined as the ratio of fall movement to production for the crop year. 
Fall movement of soybeans increased from about 82 million bushels in 1964 
to 112 million bushels in 1969 as shown in Table 13. The share moved in 
the fall has shown a range of variation from about 46 percent to slightly 
over 67 percent. The average over the six-year period shown was 55.7 
percent of the soybeans moved to the elevators in the fall. 
The increasing fall movement of corn coupled with increasing soy­
bean production has resulted in almost a doubling or fall grain reuelpLs 
ac grain elevators from 1904 to 1969. The total fall movement of corn 
and soybeans increased from 155.5 million bushels in 1964 to 310.6 
million bushels in 1969. 
The ability of the country elevator system to ship grain received in 
the fall to terminal and processing points influences the rate at which 
grain can be received. Estimates of the amount of grain shipped out of 
country and terminal elevators were derived by adding the fall movement 
to the beginning harvest elevator stocks and then subtracting January 1 
elevator stocks. Elevator shipments of soybeans during the fall period 
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Table 13. Estimated fall movement of grain in Iowa 1964-1969 
1964 1965 1966 1967 1968 
(000 bushels) 
1969 
Soybeans : 
Production 121,239 126,100 147,382 144,265 177,952 174,339 
Fall move­
ment^ 81,680 64,771 68,081 76,866 91,810 112,227 
Share fall 
movement^ . 674  .514 .462 .533 .516 .644 
Elevator^ 
shipped 31,854 18,907 10,613 20,847 19,259 49,643 
Share shipped .390 . 292  .156 .271 .210 .442 
Corn ; 
Production 754,695 814,506 901,748 986,332 912,144 922,768 
Fall move-
men c 73,960 84,709 141,574 164,717 165 ,098  198.395 
Share fall 
movement^ .233 . 253  .356 .379 .402 .467 
Elevator^ 
shipped 45,886 53,657 88,597 54,422 72,396 104,127 
Share shipped .620 .633 .626 .330 .439 .525 
Total corn and soybeans ; 
Fall move­
ment 155,640 
Elevator J 
shipped ^ 
Share shipped 
77,740 
.499 
149,480 209,655 241,583 256,908 310,622 
72,564 99,210 75,269 91,655 153,770 
.485 .473 .312 .357 .495 
^Source: (31) and (66). 
^Fall movement of soybeans equals September 1 farm stocks, plus 
production, less January 1 farm stocks. 
""Ratio of fall movement of soybeans to soybean production. 
"^Fall movement, plus elevator stocks (September 1 for soybeans, 
October 1 for corn) less January 1 stocks in elevators; elevator stocks 
include stocks in CCC bin sites. 
^Racio of fall shipments to fail receipts. 
^Ratio of fall corn movement to corn sales. 
45 
were equivalent to 15.6 percent of the soybeans received in 1966 and 44.2 
percent of soybeans received in 1969 during the fall period. A larger 
share of the corn received was shipped from the elevators during the fall 
than was the case with soybeans, as shown in Table 13. In 1964, elevators 
shipped 45.9 million bushels of corn during the fall or 62.0 percent of 
the total fall receipts. By 1969, 104 million bushels were shipped or 
slightly over half of the total received. 
The combined elevator shipments of corn and soybeans during the fall 
quarter rose from 77.7 million bushels in 1964 to 153.8 million bushels 
in 1969. The total share of the fall receipts of corn and soybeans shipped 
amounted to almost half of the receipts for the six years shown in Table 
13 . 
In 1968, about 92 million bushels were shipped from the elevators 
compared to 153.7 million bushels in 1969. The fall of 1969 witnessed 
many long lines of farmers waiting to unload their grain at country 
elevators. At the same time, the grain trade was talking of a serious 
"box car shortage." In 1968, about 257 million bushels of grain moved to 
the elevator during the fall compared with over 310 million bushels in 
1969. This was an increase of almost 60 million bushels in a one-year 
period of time. It appears that the transportation system was geared 
to take a flow of 90 to 100 million bushels of grain i n  the fall^ T n  n n p  
year's time, there was over a 50 percent increase in demand on the system. 
The stocks of grain in all positions are reported quarterly (66). 
A:; 01 January 1, 1970, there were about 1.3 billion bushels of corn and 
soybeans in storage both on and off farms. On-farm storage of corn and 
soybeans on January 1 increased from 796.1 million bushels in 1965 to 943 
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million bushels in 1970. At the same time, stocks in all elevators in­
creased from about 228 million to almost 296 million bushels. Stocks of 
grain in Commodity Credit Corporation bin sites were 51.3 million bushels 
in 1970, which was less than one-third the stocks in 1965. With the re­
duction in C.C.C. storage activities, there has been an accompanying re­
duction in C.C.C. bit site storage capacity. In 1965, C.C.C. bin site 
storage capacity was 285.6 million bushels. This had dropped to 107.8 
million bushels by 1969 as shown in Table 14. 
Elevator capacity utilization, measured by the ratio of January 1 
stocks in elevators to January 1 elevator capacity, ranged from a low 
of 27.4 percent in 1967 to 67.6 percent in 1970. This elevator capacity 
represents country elevators, terminal elevators, and grain processing 
elevators. Another measure of elevator utilization is the turnover rate. 
The turnover rate is defined as the grain volume divided by storage 
capacity. The capacity, as of January 1, corresponding to the particular 
crop year was divided by the total sales of corn, soybeans and oats. It 
should be recognized that the actual flow through the elevator facilities 
would be higher than this turnover figure would indicate. Since most 
grain first moves through the local or country elevator and Llien on 
through the terminal or processing elevator, the sales data would not be 
equal to volume through all the facilities separately. The turnover rate 
ranged from 1.32 in 1965 to 1.63 in 1968. The turnover rate declined 
from 1969 to 1970. Total grain sales in 1969 and 1970 were about equal 
while storage capacity in elevators increased abouL 10 percent. 
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Table 14. Stocks of grain in selected positions on January 1, storage 
capacity and capacity utilization. 1965-1970 
1965 1966 1967 1968 1969 1970 
(000 bushels) 
Corn stocks : 
On farms , 
Off farms 
751,281 
331,991 
781,926 
226,456 
757,468 
136,128 
838,382 
170,969 
820,930 
203,280 
848,947 
202,879 
Soybean stocks: 
On farms 44,858 65,572 84,008 86,559 112,110 94,143 
Off farms^ 55,837 50,925 58,729 68,400 105,239 144,146 
Total corn and 
soybeans : 
On farms 
Elevators 
CGC bin sites° 
796,139 
228,035 
159,793 
847,498 
170,509 
106,872 
841,476 
170,439 
24,418 
924,941 
216,470 
22,899 
933,040 
261,945 
46,574 
943,090 
295,725 
51,300 
Storage capacity: 
Elevators 351,800 
CGC bin sites 285,644 
359,000 359,500 
198,032 
370,000 404,050 
107,920 
437,600 
Capacity utili­
zation (ratio): 
Utilization^ 
Turnover^ 
.648 
1.32 
.475 
1.35 
.474 
1.59 
.584 
1.63 
.648 
1.54 
.676 
1.41 
^Source: (66); and Dale Awtry, Des Moines, Iowa; data from Iowa 
A.S.C.S., private communication, 1971. 
^Includes stocks at elevators, terminals, processors and CGC bin 
sites, 
'"Ratio of total corn and soybean stocks on January 1 to elevator 
storage capacity. 
^Ratio of total sales of corn, soybeans and oats to elevator 
storage capacity. 
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Corn Sales Estimation Model 
Corn sales are defined as sales of corn off the farm. This corn 
could either flow back to the same farm or another farm or be shipped 
from the local area once it was received by the elevator. County data on 
corn sales is available only once every five years in the U.S. Census 
of Agriculture (61). Since the latest data available was for 1964, it 
was deemed desirable to develop methodology to estimate corn sales for 
more recent years. 
To identify and quantify relevant variables to predict corn sales, 
county data for 1959, 1964, and a combination thereof was examined 
using least squares regression techniques. To identify the relevant 
parameter, a computerized stepwise regression technique was employed. 
In stepwise regression, alternative independent variables are ex­
amined to ascertain which of the variables has the highest correlation 
to the dependent variable; in this case, corn sales. This independent 
variable is selected and a least squares regression is completed based on 
the one variable. An F-test for the significance of regression is then 
calculated; i.e., the ratio of the mean square due to regression to the 
mean square due to residual variation. If the F-test value is greater 
than a predetermined level, the model then selects the variable with the 
highest partial correlation to the dependent variable as the next one to 
enter the equation. This variable is included in the equation if the 
calculated partial F-test value exceeds the predetermined level. The 
model then calculates a partial F-test value for each variable, as if it 
had been the last to enter the equation. If this value is below the 
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predetermined level, the variable is removed from the equation. The model 
repeats this process until the partial F-test of the last variable to 
enter the equation is below the predetermined level ( 10, pp. 171-172). 
Three stepwise regression models were run for each of the nine 
crop reporting districts. This consisted of utilizing county observations 
within the crop reporting districts for 1959, 1964 and a combination of 
1959 and 1964 data. Also, three regression equations were attempted for 
the state as a whole utilizing data for each of the 99 counties for 1959, 
1964, and 1959-64 in combination. Approximately 12 independent variables 
were available for selection in the model building process. The most 
frequently entering variables in the models were corn production, soy­
bean production, fed cattle, pigs born, milk cows, percent of farms re­
porting sows farrowed, and percent of farms with livestock. The four 
variables selected for analysis were corn production, soybean production, 
fed cattle marketed, and pigs born. These selections were based on the 
relative frequency of appearance and order of inclusion in the models. 
Three different models were computed. The first model was based 
on one regression equation for the starp nf T-i^a utilizing observations 
from each of the 99 counties for 1959 and 1964. The dependent variable 
was hypothesized as being a function of corn production, soybean pro-
f A rvirro K Q7-1/-I Q XTO -»* i a T-» 1 o f fw» f-liA i •nh<3T*r»or\t' 
value of the two years. 
The second model was identical to the first model with the exception 
that in addition to a dummy variable for a year, a dummy variable was also 
included for the intercept value for each of the districts. The third 
model incorporated the same independent variable,as the state model with 
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the exception of the dummy variable for district. A separate equation 
was developed for each district, with an observation for 1959 and 1964 
for each county within the crop reporting district. 
Table 15 shows the results of the analysis by individual crop re­
porting districts for 1964 and 1968 with comparisons to the 1964 Agri­
culture Census and unpublished estimates from the Statistical Reporting 
Service by district. Additionally, information on the percent of the corn 
crop sold in the state of Iowa by years 1964 through 1968 is shown along 
with comparisons to published data. 
The three estimation models are similar in their estimates of 
proportions sold by districts for comparable years. Each of the three 
models results in a variation between districts in the proportion of the 
crop sold. The north-central district and the central Iowa district have 
the highest percentage of corn sold. The aggregated state total estimates 
are quite comparable for various years in each of the three alternative 
models. The total estimated by these models is higher than the total 
reported by the Statistical Reporting Service. The reported total is 
based on a sampling of general livestock farms and does not encompass 
all farms. Thus, the slightly higher figures obtained through the model 
estimation procedures could be more representative of all farms, cash 
grain included. 
For the purpose of the analysis the first model was selected. This 
model showed a closer correlation to the 1964 census data than did the 
other two. The coefficients and statistical characteristics of the model 
aro shown in Appendix Table 48 . The form of the equation for estimating 
corn sales in an individual county is: 
Table 15. Proportion of corn sold by crop reporting district and state 
totals, by selected reports and alternative estimation models 
Crop reporting district selected year 
1 2 3 4 5 6 7 8 9  
S.R.S. 
(1969)*  .40 .53 .31 .49 .58 .38 .45 .30 .45 
U.S. Ag. Census 
(1964) .396 .549 .360 .396 .549 .360 .333 .396 .414 
State model^ 
(1964) .474 .552 .279 .467 .565 .346 .393 .423 .411 
(1968) .435 .614 .400 .445 .605 .396 .375 .444 .456 
State-CRD^ 
(1964) .467 .546 .253 .484 .563 .335 .425 .422 .432 
(1968) .419 .609 .387 .451 .598 .385 .398 .440 .472 
CRD^ 
(1964) .447 .529 .261 .492 .558 .341 .429 .410 .470 
(1968) .384 .593 .344 .457 .592 .404 .397 .412 .550 
^S.R.S. data by district is unpublished information based on sample 
survey uniformly adjusted for state-wide survey and Ag. Census dis­
crepancy in 1964. Daca by year is published. Personal communication 
with Roger Sutherland, Statistical Reporting Service, Federal Building, 
Des Moines, Iowa, 1970. 
^State model is based on regression equation with the following in­
dependent variables: corn production, soybean production, fed cattle 
marketed, pigs born and dummy variable for year. Contains 99 observa­
tions (1 per county) for years 1959 and 1964. 
c 
Same as above, but contains additional dummy variables tor the in­
tercept for the crop reporting districts. 
°Same independent variable as state model, but separate equation de­
veloped for each crop reporting district, which had an observation for 
1959 and 1964 for each county within the C.R.D. 
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State total by year 
1964 1965 1966 1967 1968 
.42 .41 .44 .44 .45 
. 4 4  U n a v a i l a b l e  
.453 .488 .494 .496 .481 
.454 .487 .495 .496 .477 
.453 .484 .488 .491 .466 
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Corn sales (bushels) = -327,934 + 9,464 (year 1964 = 1) + .718260 
(corn production) + .629 (soybean production) 
-19.667 (fed cattle) - 9.04 (pigs born) 
This equation was utilized to estimate corn sales by district from 1964 
through 1969. 
A Review of Grain Sales by District 
The corn sales estimation model developed in the previous section 
was applied to annual production data in each of the nine districts to 
estimate corn sales. The state-wide average percentage of soybeans 
sold and oats sold for the particular crop year was assumed for all 
districts. The variation in percentage of oats sold between districts 
would be greater than the percentage of soybeans sold. Since oats re­
present only 3 to 4 percent of the total grain marketings, any change in 
percentage sold among different districts would result in insignificant 
changes ^n the total grain sales estimated for that district. 
An e x a m i n a t i o n  o f  t h e  s i x-year n m r i n d  1964 t o  1969 s h o w s  tnhal c o r n  
sales in Iowa rose from 395.2 million bushels to 475.2 million bushels. 
_Ihe eastern districts showed a moderate increase in corn sales. The 
most dramatic increase in corn sales from 1964 to 1969 occurred in the 
northwest district, going from 47.7 million bushels in 1964 to 79.1 
million bushels in 1969. Appendix Table 49 shows the corn sales by 
crop reporting district for the years 1964 through 1969. In general, 
there has been an upward trend in corn sales in all districts with year-to-
year fluctuations. Northwest Iowa, north-central Iowa, and central Iowa 
districts lead the state in corn sales, with each selling about 80 
million bushels in 1969, 
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Soybean sales in Iowa have shown a more uniform pattern of increase 
across the state than corn sales. Soybean sales rose from 117 million 
bushels to 171 million bushels in the six-year period. Northwest, north-
central and central Iowa lead the state in soybean sales, with each 
district selling approximately 30 million bushels in 1969. Appendix 
Table 49 shows the information on soybean sales in detail. 
Oat sales have experienced fluctuations by district and by year as 
shown in Appendix Table 49. They represented only 25 million bushels 
out of the total 671 million bushels of the three crops marketed in 1969. 
Total sales of corn, oats, and soybeans were slightly over 500 million 
bushels in 1964 in Iowa compared to over 671 million bushels in 1969. 
Without exception there has been a general upward trend in grain sales 
in each of the districts over the six-year period shown in Table 16. 
Northwest Iowa, north-central, west-central and central Iowa are the 
largest grain marketing areas. South-central Iowa has the smallest 
grain marketings of any area in the state as shown in Table 16. 
While total grain marketings in an area are of interest, the geo­
graphical size of each area varies and another measure, marketing density, 
was utilized to make comparisons. The grain marketing density in a 
district is the total grain marketing densities divided by the number 
of square miles in district. Table 17 presents the grain markeUlug 
densities by district for the six years. The highest grain marketing 
densities occur in the areas of highest production. Grain marketing 
densities in 1969 varied from a low of 4.3 thousand bushels per square 
mile ill south-central Iowa to a high of 18.1 thousand bushels per square 
mile in north-central Iowa. 
Table 
Distr: 
1 
2 
3 
4 
5 
6 
7 
8 
9 
IOWA 
55 
Estimated total sales of corn, oats and soybeans by crop 
reporting district and state total by crop years 1964-1969 
1964 1965 1966 1967 1968 1969 
(000 bushels) 
78,133 
79,718 
28,675 
73,062 
100,673 
45,189 
31,767 
25,068 
38,075 
500,360 
71,390 
85,814 
41,884 
73,342 
101,358 
55,271 
41,393 
26 ,816  
46,468 
543,735 
95,253 
102,236 
45,558 
86,694 
113,364 
53,661 
47,936 
30,804 
44,079 
619,615 
86,155 
111,499 
53,549 
85,289 
1240,083 
69,968 
47,257 
21,079 
52,578 
651,456 
79,436 
114,049 
54,436 
79,101 
129,120 
63,011 
36,928 
31,736 
49,839 
637,654 
112,511 
109,860 
47,238 
93,017 
119,782 
64,142 
51,522 
23,721 
49,536 
671,329 
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Table L7. Estimated grain marketing density by crop reporting district 
and state total by crop years 1964-1969 
District 1964 1965 1966 1967 1968 1969 
(000 bushels per square mile) 
11.5 10.5 14.0 12.6 11.6 16.5 
13.1 14.1 16.8 18.3 18.8 18.1 
4.4 6.4 6.9 8.2 8.3 7 , 2  
10.0 10.0 11.8 11.6 10.8 12.7 
14.9 15.0 16.8 18.4 19.2 17.8 
7.5 9.2 8.9 11.6 10.4 10.6 
6.4 8.4 9.7 9.5 7 . 4  1 0 . 4  
4.5 4 . 8  5.6 3.8 5 . 7  4 . 3  
7.1 8.7 8.2 9.8 9.3 9.2 
IOWA 9 . 0  9 . 8  1 1 . 2  1 1 . 8  1 1 . 5  1 2 . 1  
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As grain marketings have increased, so has the grain marketing density 
in each area. The state as a whole had a grain marketing density of 9.0 
thousand bushels per square mile in 1964 rising to 12.1 thousand bushels 
per square mile in 1969. The density of grain production in an area has 
a direct influence on the number and size of facilities required in an 
area. 
The fall movement of corn and soybeans by district for the six-year 
period was analyzed. The fall movement of corn was defined to be equal 
to the share of the new crop corn that was sold directly from the field 
by farmers or stored off farms by farmers. This information on a district 
basis is shown in Table 11. The fall movement of soybeans in each crop 
reporting district was assumed to be equal to the overall state proportion 
of beans moved in the fall. The fall movement of corn and soybeans is 
shown in Table 18 by district. 
The fall movement on a state-wide basis almost doubled from 1964 to 
1969, going from 157 million bushels to 311 million bushels in the six-
year period. The north-central, central, northwest, and northeast 
districts showed the largest percentage gains. South-central Iowa ex­
perienced the least change of any district. The proportion of fall 
movement; i.e., the ratio of fall movement to total grain marketings, 
showed an increase in all districts between 1964 and 1969: In 1964, just 
over 30 percent of Iowa's crop marketings occurred during the fall period 
compared with over 46 percent in 1969. The proportion of fall movement 
shows a wide variation between districts and within districts by year. 
For example, central Iowa went from a proportion of fall movement of 28.5 
percent in 1964 to almost 59 percent in 1969. Table 18 shows the 
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Table is. Estimated fall movement of corn and soybeans and fall move­
ment as a proportion of total grain movements by crop re-
porting district and Iowa for the crop years 1964-1969 
District 1964 1965 1966 1967 1968 1969 
(000 bushels) 
Fall movement 
1 21,464 14,482 30,354 30,788 36,152 43,741 
2 19,207 19,455 30,452 41,301 43,126 50,337 
3 8,389 10,513 12,898 17,094 16,328 16,218 
4 25,483 20,010 34,400 27,253 35,441 43,651 
5 28,670 27,881 41,105 44,730 45,164 70,221 
6 13,884 15,413 16,932 22,865 23,023 26,293 
7 12,490 12,585 14,260 15,027 12,772 22,684 
8 10,083 7,544 9,897 10,912 14,201 10,925 
9 17,256 20,183 18,078 29,244 25,352 27,174 
IOWA. 156,926 148,065 208,376 239,214 251,558 311,245 
Fall movement as proportion of total grain movement 
1 0.275 0.203 0.319 0.357 0.455 0.389 
2 0.241 0.227 0.298 0.370 0.378 0.458 
3 0.293 U.Z>1 U.Zbj o.3iy U.300 0.343 
4 0.349 0.273 0.397 0.320 0.448 0.469 
5 0.285 0.275 0.363 0.360 0.350 0.586 
6 0.307 G 316 0.327 0.365 0.410 
7 0.393 0.304 0.297 0.318 0.346 0.440 
8 0.402 0.281 0.321 0.518 0.447 0.461 
9 Û.453 0.434 Ù.4I0 0.55b 0.509 0.549 
IOWA 0.314 0.272 0.336 0.367 0.395 0.464 
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tendencies for grain marketings to be concentrated more in the fall, 
along with a larger total volume of grain moving to the elevators. 
Appendix Table 50 presents the fall movements of corn by district. 
Projected 1980 Grain Movements by District 
Projected 1980 grain sales by district were obtained by considering 
the projected levels of grain and livestock production in each district. 
The projected 1980 corn sales were derived by using the corn sales 
estimation model developed previously. It was assumed that the histori­
cal relationships between the variables would remain the same in 1980. 
Various structural changes in Iowa agriculture between now and 1980 could 
alter the relationships assumed. One possible influence would be a 
higher degree of specialization in cash grain farming, in which case it 
appears that the model would underestimate corn sales. 
It was assumed that 98 percent of the soybean crop would be sold 
off farms in 1980. This is close to the average for the 1964 through 
1969 crop yccii.3. The snare of oacs sold oft tarms was assumed to be 28.3 
percent, the average percent sold over the 1964 to 1969 period. 
By applying these factors to the 1980 levels of production projected 
for each district, total grain marketing of about 1.2 billion bushels was 
estimated for 1980. This represents almost an 80 percent increase over 
the 1967 to 1969 average sales of 653 million bushels. Grain sales and 
marketing density in each district are shown in Table 19 . Marketing 
densities ranged from 8,700 bushels per square mile in district 8 to al­
most 42,000 bushels per s^iuare mile in districts 2 and 5. The average 
grain marketing JensiLy in luwa in 1980 is projected at 21,100 bushels per 
Table 19. Projected 1980 grain sales ai id grain marketing densities by district and Iowa 
Grain sales by type Density 
District Corn Beans Oats Total (bus, per sq . mi.) 
(000 bushels) 1980 1969 
1 108,i.09 39,619 10,064 158,192 23.2 16.5 
2 140,:i81 44,801 7,743 192,925 31.7 18.1 
3 74,213 14,677 7,225 96,115 14.6 7.2 
4 105,i-<)4 36,448 8,623 150,665 20.5 12.7 
5 155,267 48,791 9,433 213,591 31.7 17.8 
6 97,263 23,439 7,097 127,899 21.2 10.6 
7 59,(52 24,297 4,698 88,848 17.9 10.4 
8 31,(58 12,705 3,562 47,925 8.7 4.3 
I 
9 69,085 19,821 4,497 93,403 17.4 9.2 
IOWA 842,C22 264,599 62,943 1,169,562 21.1 12.1 
o\ 
o 
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square mile, compared with 12,100 bushels per square mile in 1969. 
The fall movement of grain was analyzed for the crop years 1964 
through 1969. The fall movement of corn was defined to be the corn 
sold direct from field plus the corn sold off farm by producers as dis­
cussed in this chapter. To estimate the magnitude of the fall move­
ment in 1980 stepwise, regression techniques were utilized to identify 
relevant variables influencing fall movement. Various independent vari­
ables were considered, including percent of corn field shelled, average 
corn production per farm, average number of various classes of livestock 
per farm, and percent of farms with livestock. Regressions were run on 
individual district data over time, state totals over time, and pooled 
district data over time. The percent of field shelled corn was the only 
variable that entered the stepwise regression model. Thus, it was 
selected as the prediction variable to use in the equation. 
Basically, two methods were devised to estimate the 1980 fall move­
ment by district. The first method consisted of one regr :sion on all 
the district data on field shelling and fall movement pooled for years 
1964 through 1969. This model also included a dummy variable for the in­
tercept value for each district. 
The second method consisted of the same regression in terms of vari­
ables. but one equation was estimated for each crop renortinr dist-virt 
based on the six observations over time from 1964 through 1969. ^'ased on 
experience in Illinois and Indiana, it appeared that the first model 
would provide a better estimate of the proportion of corn moved in the 
fall in 1980. The dummy variable for the intercept coefficient was 
significant at the 5 percent level in only 3 districts. Appendix Table 51 
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shows Che coefficients and associated statistical tests for the model 
utilized. 
Since the independent variable used in the fall movement model was 
the percent of field shelled corn, it was necessary to estimate the level 
of field shelling in 1980. Alternative models of predicting the level 
of field shelling based on historical data were examined. Various re­
gressions on different independent variables indicated that time was the 
most important variable. However, when the time trend variable was 
utilized in a prediction equation, the 1980 level of field shelling was 
consistently over 100 percent. This is, of course, a physical impossibil­
ity. 
An examination of technological change in agriculture with reference 
to adoption of hybrid corn was conducted by Griliches in 1957 (21). 
Griliches found that the time trend in the data was so strong that it left 
nothing of significance for other variables to explain the adoption of 
hybrid corn. Griliches estimated the rate of adoption of use of a 
logistic growth curve. The following is the logistic function: 
p = 
1 + e -(A + 
The percentage planted to hybrid seed is P, the ceiling or equilibrium 
value is K, the time variable is T, the rate of growth coefficient is B, 
and the constant of integration which positions the curve on the time 
scale is A. Griliches points out that the curve was asymptotic to 0 and 
K, and was symmetric around the inflection point. The rate of growth is 
proportional to the growth already achieved and to the distance from the 
ceiling. 
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The logistics curve was fitted to historical data on the percent of 
corn field shelled by district, assuming an equilibrium ceiling çf .95. 
The function was transformed by dividing both sides by K - P and taking 
the logarithm to obtain 
P 
l°8e < FF ' " • 
The data by year on field shelling in each respective crop reporting 
district was utilized to estimate the parameters directly by least squares 
technique. After estimating the coefficients for the 9 districts, they 
were used to estimate the 1980 level of field shelling by district. 
The projected 1980 level of field shelling and associated fall 
grain movements are shown in Table 20. The statistical information 
on the logistic curve is shown by district in Appendix Table 52. 
The fall movement of corn and soybeans is projected at 658 million 
bushels in 1980. This represents an increase of 146 percent over the 1967 
to 1969 average. The share of fall movement of corn is projected at .603 
compared to .4&7 in 1969, indicating an greater concentration of corn 
movement during the fall harvest period. While grain sales are projected 
to increase from 70 to 90 percent in each district, the fall movement of 
corn and soybeans is projected to increase from 100 to 230 percent in 
each district as shown in Table 21. Table 22 shows that the shares of 
the corn ciop suld will increase by 1980. 
U  . ' t p p c a r s  t h a i  t h e  t r e n d  t o  i n c r e a s e d  f a l l  m o v e m e n t s  o f  g r a i n  w i l l  
r e q u i r e  v a r y i n g  d e g r e e s  o f  e l e v a t o r  a d j u s t m e n t  a c r o s s  t h e  s t a t e .  E l e ­
vators will iiave to be equipped to receive, condition, and merchandise 
grain at an accelerated rate in 1980. 
Table 2 0. Projected share of corn field shelled in 1980; projected share of fall movement of corn 
in 1980; and proiected fall movement of corn and soybeans and share fall movement in 1980 
Dis tr ic t 
1 
2 
3 
4 
5 
6 
7 
8 
9 
Share of corn 
field shelled 
.874 
.927 
.928 
,825 
, 936 
, 922 
896 
923 
924 
Share fall 
mov/ement 
f. Si 
of corn 
IOWA 
.645 
.536 
.636 
.616  
.559 
.629 
.580 
.715 
. 645 
.603 
Fall movement of corn and soybeans 
Corn Soybeans Total Share in 
70,050 
75,245 
47,176 
65,020 
86,824 
61 ,282  
34,689 
22,620 
44,528 
507,433 
(000 bushels) falic 
22,518 
25,463 
6,342 
20,716 
27,731 
13,322 
13,810 
7,221 
11,266 
150,389 
92,568 0.585 
100,708 0.522 
55,518 0.578 
85,736 0.569 
114,555 0.536 
74,604 0.583 
48,499 0.546 
29,841 0.623 
55,794 0.597 
657,823 0.562 
Ratio of fall movement of corn to corn sales. 
Ratio of total fall movement cf corn and soybeans to total sales of corn and soybeans. 
Distr 
1 
2 
3 
4 
5 
6 
7 
9 
IOWA 
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Projected increase in tot,<l grain sales and fall movement from 
1967-1969 average to 1980 by district and Iowa 
Increase in total grain sales Increase in fall movement 
1980 compared with 1967-69 1980 compared with 1967-1969 
(percent) 
71 151 
73 124 
86 236 
76 142 
72 115 
95 210 
96 188 
84 105 
79 146 
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Table 22. Share of corn production sold off farms by crop year 1964 to 
1969 and projected 1980 
District 1964 1965 1966 1967 1968 1969 1980 
1 0.481 0.460 0.510 0.460 0.427 0.527 0.535 
2 0.558 0.581 0.599 0.606 0.614 0.626 0.678 
3 0.291 0.391 0.395 0.418 0.401 0.394 0.505 
4 0.474 0.478 0.495 0.475 0.442 0.493 0.534 
5 0.570 0.577 0.588 0.593 0.606 0.602 0.656 
6 0.354 0.411 0.388 0.439 0.401 0.424 0.523 
7 0.400 0.462 0.478 0.457 0.379 0.482 0.549 
8 0.432 0.453 0.464 0.351 0.449 0.390 0.507 
9 0.419 0.478 0.452 0.486 0.462 0.481 0.563 
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CHAPTER IV. ELEVATOR PROFILE 
The Function of Elevators 
Grain marketing can be defined as the activities that culminate in 
grain reaching the consumer at the time, place, and in the form he de­
sires at a price he is willing to pay. Grain marketing involves physical 
facilities for transporting, storing, merchandising, processing, and 
pricing grain. Grain marketing channels in the United States are illus­
trated in Figures 2 and 3. Grain can move off the farm to various destina­
tions and in turn on to other destinations before reaching final disposi­
tion. Figure 2 shows that country elevators are the primary outlet for 
feed grains moving off the farm. There is minor movement directly from 
the farm to subterminal and processing points as depicted. Subterminals, 
terminals and processors are important in the overall movement of feed 
grain marketings through the marketing channels. Soybeans follow a 
similar marketing channel as feed grains. Country elevators as the 
primary receiver of grain froin farms are important in the total grain 
marketing system. While Figure 2 illustrates the marketing channels for 
feed grains in the United States, it is also typical of Iowa, one of the 
leading feed grain states. 
For this analysis, elevators in Iowa were classified into two groups. 
The first group is referred to as "country elevators.'' These arc ele­
vators which receive a majority of their grain receipts directly from 
farmers. The second classification of elevators Is the terminal and 
processing group. Terminal elevators and processors receive the i.-^ijori^y 
of their grain from other elevators and not directly from the farm. 
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MAJOR U. S. MARKETING CHANNELS FOR SOYBE/ 
( A l l  movement i s  f r o m  l e f t  f o  r i g h t )  
Totol Supply - 100% 
OH^nrin 
ft«Ut 
T»m 
Mk4>. (U) 
I8X 
Country 
Elvvotori 
B5X 
Agmciat 
Rtductlen o( 
sH = fsre! 
whoU bean 
carryovtc 
Rtductlofl of 
o H - f a r m  _  
oil ond Mol ~ 
Is '«TOWl—•^•***** 
1/ TOTAL lOPPLT D U R I N G  THE I»«3-« H A K K E T I H G  YEA* WA5 «89 M I L L I O N  B U S H E L I .  O F F - F A R M  SALES (»« PERCE, 
TOTALED 66! MILLION BUÎHELI, OR M PERCENT OF THE TOTAL SUPPLY. REDUCTION OF OFF-FARM WHOLE BEi 
17 UlLLtoa SUStiELS, OR 3 PERCENT 05 THE TOTAL SUPPLY, AND ENTERED THE MARKETING CHANNELS FROM Tf 
E L E V A T O R S .  R E D U C T I O N  O F  O F F - F A R M  C A R R Y O V E R  O P  O I L  ( 3 4 2  M I L L I O N  P O U N D S )  A N D  M E A L  ( 3 7  T H O U S A N D  T O N  
T O T A L  S U P P L Y ,  A N D  E N T E R E D  T H E  M A R K E T I N G  C H A N N E L S  F R O M  P R O C E S S I N G  P L A N T S .  
I '  TERMINAL RECEIPTS ARE BASED ON Y O L u m e  O r  i H S F E C T Z S  S S C E i r T S .  F C U P . T E S H  T E R M I N A L  MARKETS INCLUDI 
INDIANAPOLIS. KANSAS CITY, MILWAUKEE, MINNEAPOLIS, OMAHA, PEORIA, SIOUX CITY, ST. JOSEPH, ST. LOUIS, TO 
vV 
Source: As cited by Heifner (27), U.S.D.A. Economic Research 
Service, Neg. E.R.S. 3537-65 (2). 
Figure 3. Major U.S. marketing channels for soybeans, 1963-64 
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I. S. MARKETING CHANNELS FOR SOYBEANS, 1963-64 
( A l l  m o v e m e n t  i s  f r o m  l e f t  t o  r i g h t )  
100%= Total DltpotlHon 
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D U R I N G  T H C  I t i 3 - é 4  M A R K E T I H G  Y E A R  W A S  ( 1 9  M I L L I O N  B U S H E L S .  OFF-FARM SALES ( 9 6  P E R C E N T  O F  T O T A L  P R O D U C T I O N )  
I L L I O N  B U S H E L S .  O R  9 t  P E R C E N T  O F  T H E  TOTAL S U P P L Y .  REDUCTION OF OFF-FAR* WHOLE BEAN CARRYOVER TOTALED 
HELS, OR ] PERCENT OF THE TOTAL SUrPLT, AND ENTERED THE MARKETING CHANNELS FROM THE TERMINAL AND SUBTERMINAL 
' .OUCTION OF OFF -FARM CARRYOVER OF OIL (3« «ILJ.IOI. '  POUNDS) AND MEAL (37 THOUSAND TONS) EQUALED I  PERLcr,? OF TnE 
,  iMO E»?TE»?P THE MARKETING CHANNELS FROM PROCESSING PLANTS. 
EIPTS ARE B A S E D  ON VOLUME OF I N S P E C T E D  R E C E I P T S .  FOURTEEN TERMINAL m * k K E T ;  mCLO'CE C t i ' . C i C C ,  O ' J U J T » .  H i j r r H I N S O N ,  
K A N S A S  C I T Y ,  M I L W A U K E E ,  M I N N E A P O L I S .  O M A H A ,  P E O R I A ,  S I O U X  C I T Y ,  S T .  J O S E P H ,  S T .  L O U I S ,  T O L E D O  A N D  W I C H I T A .  
1 by Keifner (27), U.S.D.A. Economic Research 
137-65 (2). 
marketing channels for soybeans, 1963-64 
Since the country elevator is the primary outlet for grain sold off 
farms in Iowa, the various functions of the country elevator are of 
interest. The country elevator provides facilities for receiving directly 
from farmers, drying, storing, and reloading the grain for rail, truck, 
or, in some instances, barge shipment. The storage capacity of a country 
elevator in Iowa varies from a few thousand bushels at some to one ele­
vator with over 4 million bushel capacity. 
Most country elevators in Iowa engage in many activities other than 
the assembly and storage of grain. These include feed processing and 
retailing, fertilizer blending and retailing, grinding and mixing feed, 
and retailing farm supplies. In many instances, the total sideline 
function of the elevator dwarfs the grain handling activity. Sidelines 
are often complementary to the elevator's grain business because of 
better seasonal utilization of labor force, management, and facilities. 
There is also a relationship between grain and sideline activities in 
terms of attracting patrons. The country elevator may be operated as 
an independent business, as a branch owned by a fiim «liLcL owns several 
grain elevators, or a cooperative OOT.ed and operated by farmers. 
Trends in the Number and Capacity of Elevators in Iowa 
A review of storage capacity data indicates that the major expansion 
in capacity occurred in the late 1950's. In 1951, there were approximately 
90.7 million bushels of capacity in Iowa. By 1957, this was more than 
doubled to over 200 million bushels capacity. In the four years from 
1957 to 1961, storage capacity rose to about 350 million bushels. As 
shov;n in Table 23, elevator capacity remained relatively stable until 
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Table 23. Elevator storage capacity in Iowa as of January 1 for 
selected years^ 
Capacity 
Year (000 bushels) 
1951 90,729 
1954 122,846 
1957 213,546 
1961 343,400 
1962 343,400 
1963 359,800 
1964 348,300 
1965 351,800 
1966 359,000 
1967 359,500 
1968 370,700 
1969 404,050 
1970 437,600 
1971 442,600 
^Sources: (66); and Dale Awtry, Des Moines, Iowa; data from Iowa 
A.S.C.S., private communication, 1971. 
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the late 1960's. With the decreased Commodity Credit Corporation 
storage activities in the 1960's, many elevators experienced an ex­
tremely low utilization of their facilities. 
The expansion in elevator capacity in Iowa has not been uniform 
across districts. Data was not available for any year prior to 1969 on 
an individual district basis. Table 24 shows the off-farm storage 
capacity by district and Iowa as of January 1 for the last three years. 
Central Iowa has nearly one-fourth of the total capacity in the state 
with 92.6 million bushels storage capacity on January 1, 1969, and 101.9 
million bushels as of January 1, 1971. Over the last three years, the 
most rapid growth in storage capacity was in northwest Iowa. Both north­
east and south-central Iowa have a low storage capacity. 
Storage utilization measured as the share of total off-farm storage 
capacity occupied by corn and soybean stocks on January 1 shows variation 
between districts and within districts by year. In both 1969 and 1970, 
utilization was over 60 percent in Iowa as a whole. It dropped to 57 
percent on January 1 of 1971. Northwest iowa Had a utilization race of 
73 percent in 1970 compared to 53 percent in 1971. South-central Iowa 
had a higher utilization rale for all three dates than did nest other 
areas. East-central Iowa experienced the lowest utilization of any 
district. 
Stocks in storage represent one measure of utilization. Another 
measure of utilization, as mentioned previously, is the turnover rate. 
The turnover rate is defined as the total grain marketings in a district 
divided by cuial capacity with in a district. The average turnover rate of 
the state for both 1968 and 1969 crop years was about 1.5. Thus, où the 
Table 24. Off-farm s tiorage capacity as of January 1, 1969, 1970 and 1971; change in capacity 1969 
to 1971; storage utilization as of January 1, 1969, 1970 and 1971; and turnover rates 
for the crop years 1968 and [.969 
Percent January 1 storage Turnover rate^ 
Area January 1 capacity' change utilization^ crop year 
1969 1970 19VL 1969-1971 1969 1970 1971 1968 1969 
District (000 bushels') (Percent") 
1  52,950 57,700 61,000 15 61 73 53 1.50 1.95 
2  56,300 63,600 63,300 13 73 70 58 2.03 1.73 
3  17,200 18,500 18,500 8 76 64 64 3.17 2.55 
4  76,100 79,400 79,800 5 59 68 55 1.04 1.17 
5  92,600 101,500 101,900 10 71 71 60 1.39 1.18 
6  37,200 38,200 38,500 3 47 47 47 1.70 1.68 
7  32,500 36,300 36,400 12 60 66 51 1.14 1.42 
8 12,600 13,800 14,COO 11 77 70 67 2.52 1.72 
9 26,600 28,(300 28,7 00 8 69 67 64 1.87 1.73 
404,500 437,600 442,600 10 65 67 57 1.58 1.53 
^Source: Personal communication vith Jack Aschwege, Iowa Crop Reporting Board, Federal 
Building, Des Moines, Iowa, 1971. 
^%atio of corn cind soybean stocks on January 1 to off-farm storage capacity. 
^Ratio of grain sales to storage capacity. 
74 
average, elevators handled a volume of grain equal to one and one-half 
times their storage capacity. The changes by year and turnover rates 
are not uniform for all districts as shown in Table 24. In both years 
the northeast Iowa district had the highest turnover rate. North-central 
Iowa, south-central Iowa, and southeast Iowa experienced some of the 
higher turnover rates. The actual turnover rates experienced by elevators 
in the crop reporting districts would tend to be higher than those in­
dicated, because of the subsequent shipment of grain from country ele­
vators to terminal facilities and processors. The grain marketings 
estimated do not measure the total flow through all elevators, but rather 
the initial flow of grain from farms to elevators. 
Number of Firms, Capacity, and Ownership 
Data on storage capacity by county was not published by any source. 
Thus, a complete inventory of firms licensed by the Warehouse Division of 
the Iowa Commerce Commission and by the Transportation and Warehouse 
Division of the United npnarnmpnt of AericulLuie was conducted for 
two time periods. An inventory of elevator numbers, size, and location 
was completed for August, 1969, and for December, 1970. In addition, a 
limited number of unlicensed grain processing elevators were added to 
both lists. 
This inventory encompassed 1,136 elevators in August, 1969, repre­
senting over 394 million bushels of storage capacity. This compares to 
404.5 million bushels of capacity reported for the state as of January 1, 
1969. The inventory as of December, 1970, indicated 1,178 elevators with 
a combined capacity of over 432 million bushels. This compares to a re­
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ported 442.6 million bushels in Iowa as of January 1, 1971. 
For the purpose of this analysis, an elevator was defined to be any 
facility licensed by the state or federal government to store grain for 
the public. In addition a limited number of unlicensed grain processors 
with significant capacity are included. 
The inventory for August, 1969, as shown in Table 25, indicates an 
average size elevator as having a 347 thousand bushel capacity. This 
includes country elevators as well as terminal and processing facilities. 
Northeast Iowa had the smallest average size of any crop reporting 
district. West central and central Iowa had an average size in excess 
of 400 thousand bushels. The largest number of elevators and total 
capacity was in central Iowa. 
Table 25 shows data on country elevators by district in 1969. The 
largest average size for country elevator in the state was 383,000 bushels 
in north-central Iowa. Area 6 had the smallest average size with an 
average of 145 thousand bushel capacity. The average capacity of all 
country elevators in Iowa was slightly under 3UU thousand Bushels in 
December, 1970. 
Between the two inventory dates the number of elevators rose from 
1,136 to 1,178 while the average storage capacity rose to 367 thousand 
bushels for all elevators. Table 26 shows the data for all elevators 
and country elevators for December, 1970. A comparison of average 
capacities in 1970 compared to 1969 shows an increase for all but two 
districts. The major growth over the two time periods in most districts 
occurred in expansion of existing facilities. Between 1969 and 1970, the 
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Table 25. All elevators, country elevators, total storage capacity and 
average storage capacity by crop reporting district and Iowa 
as of August, 1969 
Storage Average storage 
District Number capac ity capac ity 
(000 bushels) 
A11 elevators 
1 161 52,953 328 
2 143 56,871 397 
3 85 15,853 186 
4 176 74,214 421 
5 210 93,322 444 
6 Î 1 C J. 29,126 253 
7 100 33,735 337 
8 49 14,232 290 
Q 97 24,139 248 
IOWA 1,136 394,445 347 
Country elevators 
1 160 51,232 320 
2 141 54,061 383 
3 83 14,318 172 
4 172 63,126 367 
5 201 72,471 360 
6 103 14,935 145 
7 95 22,523 237 
8 47 12,245 260 
9 94 21,007 223 
IOWA 1,096 325,918 297 
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Table 26. All elevators, country elevators, cotal storage capacity and 
average storage capacity by crop reporting district and Iowa 
as of December, 1970 
Storage Average storage 
District Number capacity capacity 
(000 bushels) 
All elevators 
1 175 63,100 360 
2 144 61,144 424 
3 102 18,149 177 
4 180 79,119 439 
5 211 99,255 470 
6 11,9 34.255 287 
7 97 36,678 378 
8 51 14,820 290 
9 99 25,971 262 
IOWA 1,178 432,491 367 
Country elevators 
1 174 61,379 352 
2 142 58,334 410 
3 100 16,614 166 
4 176 68,031 386 
5 202 78,118 386 
6 107 18,815 175 
7 92 25,592 273 
8 49 12,833 261 
9 96 22,839 237 
IOWA 1,138 362,555 319 
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average size of country elevator in Iowa increased from 297 thousand 
bushels to 319 thousand bushels. Northeast Iowa experienced a decrease 
in average size from 186 thousand bushels to 177 thousand bushels. The 
number of elevators increased from 85 to 102 in 1970. The increase in 
capacity was a result of a net gain in elevators, and not as much from 
expansion of existing farms. 
A more detailed examination of elevator size distributions is pre­
sented in Table 2 7. The largest size category, 2 million bushels and 
over, included 15 elevators with a total storage capacity of 46,696,000 
bushels. These represented slightly over one percent of the total 
elevators, but more than 11 percent of the total capacity in the state of 
Iowa. There were 122 elevators with capacity under 50 thousand bushels 
in 1970. While these represented 10.3 percent of the total elevators, 
they represented less than 1 percent of the total capacity. Over half 
the elevators were in the size capacity of under 300 thousand bushels. 
These represented only 21 percent of the total storage capacity in Iowa. 
Figure 4 presents a Lorenz curve showing che concenLraLiou u£ ele­
vator storage capacity in Iowa as of 1970. The cumulative percentages of 
capacity and elevators are plotted on the graph. If all elevators in Iowa, 
were the same size, the curve would be a straight line running through the 
origin to 100 on both scales; 10 percent of the elevators would have 10 
percent of the capacity, 20 percent of the elevators would have 20 percent 
of the capacity, and so on. The concentration of elevator storage capacity 
is indicated by the degree to which the curve departs from the straight 
line. 
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Table 27. Size distribution of grain elevators in Iowa as of December, 
1970 
Percent of 
distribution Cumulative percent 
Capacity class 
(000 bus.) 
No. of 
elevators Capacity 
(000 bus. 
No. of 
elevators Capacity ) 
No. of 
elevators Capacity 
2,000 & over 15 48,696 1.27 11.26 99.99 99.99 
1,800 - 1,999 2 3,616 0.17 0.84 98.72 88.73 
1,700 - 1,799 6 10,494 0.51 2.43 98.53 87.90 
1,600 - 1,699 3 4,855 0.25 1.12 98.04 85.47 
1,500 - 1,599 1 1,501 0.08 0.35 97.78 84.35 
1,400 - 1,499 5 7,274 0.42 1.58 97.70 84.00 
1,300 - 1,399 4 5,359 0.34 1.24 97.28 82.32 
1,200 - 1,299 9 11,281 0.76 2.61 96.94 81.08 
1,100 - 1,199 9 10,452 0.76 2.42 96.17 78.47 
1,000 - 1,099 14 14,643 1.19 3.39 95.41 76.06 
900 - 999 11 10,478 0.93 2.42 94.22 72.67 
800 - 899 20 16.620 1.70 3.84 93.29 70.25 
700 - 799 40 29,709 3.40 6.87 91.59 66.41 
600 - 699 41 26,268 3.48 6.07 88.20 59.54 
500 - 599 82 44,495 6.96 10.29 84.72 53.46 
400 - 499 97 43,152 8.23 9.98 77.76 43.18 
300 - 399 15 i 52,121 12.82 12.05 69.52 33.20 
200 - 299 183 45,721 15,53 10.57 56.70 21.15 
100 - 199 219 31,664 18.59 7.32 41.17 10.58 
50 - 99 144 10,499 12.22 2.43 22.58 3.26 
0 - 49 122 3,593 10.36 0.83 10.36 0.83 
80 
100 
90 -
80 iûû 
Percent of elevators 
Figure 4. Concentration of elevator storage capacity in 
Iowa, December 1970 
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Figure 5 depicts the storage capacity by district as of December, 
1970. The shaded area represents the country elevator storage capacity, 
while the unshaded portion of the graph is the terminal and processing 
storage capacity. Crop reporting districts 4 and 5 have the largest 
capacity, followed closely by districts 1 and 2. 
The number, total capacity, and average capacity of country elevators 
by county is shown in Figure 6 . Greene county in district 4 has the 
largest total capacity of any county with 11,869,000 bushels. The 
average size elevator in Greene county is 913 thousand bushels, which 
is also the largest average size capacity of any county in Iowa. 
Allamakee county in district 3 has the smallest total capacity of any 
county in the state with only 113 thousand bushels. Webster county in 
district 5 has 26 elevators, the largest number of any county. 
Another aspect of the elevator inventory was to divide elevators on 
the basis of ownership. All cooperatively-owned elevators were identi­
fied for the purposes of comparison with other ownership forms. Table 28 
presents intormation on cooperative elevaLuia In Iowa as of August, 1959. 
There were 394 cooperative country elevators representing 35.9 percent 
of the total elevators in Iowa. These had a combined storage capacity of 
174.6 million bushels, or over 50 percent of the total country elevator 
storage capacity. The heaviest concentration of cooperative ownership 
appeared in district 2 with 82 elevators representing almost three-fourths 
of the total storage capacity in that area. Cooperatives in district 6, 
7, and 9 represented only about one-sixth of the total number of elevators. 
Cooperatives accounted for more than half the total storage volume in 
districts 1, 2, 4, and 5 as shown in Table 29. 
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Table 28. All cooperative elevators and cooperative country elevators, 
number, total storage capacity, average storage capacity by 
crop reporting district and Iowa as of August. 1969 
Storage Average storage 
District Number capacity capacity 
(000 bushels) 
All elevators 
1 78 36,006 461 
2 83 40,775 491 
3 31 6,795 219 
4 61 34,908 572 
5 83 49,137 592 
Ô 19 4,892 257 
7 17 4,494 264 
8 18 4,819 370 
9 15 5,464 364 
IOWA 400 187,290 
Country elevators 
468 
1 7 7 34, aaS 
2 82 39,615 483 
3 30 6,285 209 
4 61 34,908 572 
5 82 40,797 497 
6 18 4,422 245 
•7 17 4 .494  264 
8 13 4,819 370 
9 14 4,994 356 
IOWA 394 174,619 443 
Table 29. Cooperative elevators; number and capacity, and the share of all elevators and capacity 
owned by cooperatives by district and Iowa in August 3.969 
Country elevators Terminals and processors 
No. of Percent Capacity Percent No. of Percent Capacity Percent 
District elevators of total (000 bu) of total elevators of total (000 bu) of total 
1 77 43.1 34,285 66.9 1 100.0 1,721 100.0 
2 82 58.2 39,615 73.3 1 50.0 1,160 41.3 
3 30 36.1 6,285 43.9 1 50.0 510 33.2 
4 61 35.5 34,908 55.3 0 0.0 0 0.0 
5 82 40,8 40,797 56.3 1 11.1 8,340 40.0 
6 18 17.5 4,422 29.6 1 8.3 470 3.3 
7 17 17.9 4,494 20.0 0 0.0 0 0.0 
8 13 27.7 4,819 39.4 0 0.0 0 0.0 
9 14 14.9 4,994 23.8 1 33.3 470 15.0 
laJA 394 35.9 174,619 53.6 6 15.0 1,267 18.5 
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Cooperatives owned six of the 40 elevators classified as terminals 
or processors in 1969. There was a maximum of only one cooperative 
terminal or processor in each district. There was no cooperative 
terminal facility in three districts, and in district 6, the one co­
operative facility accounted for only 3 percent of the total storage 
capacity. 
In all districts, the average size of the cooperatively-owned ele­
vators was greater than the noneooperatively-owned elevators. Most co­
operative elevators in Iowa are members of the Farmers Grain Dealers 
Association of Iowa, a state-wide grain marketing cooperative. Farmers 
Grain Dealers Association of Iowa (F.G.D.A.) provides an accounting 
service for member cooperatives ; and data for cooperatives with their 
fiscal years ending during calendar year 1969 was provided by F.G.D.A. for 
analyses in this study. Records from 168 cooperatives, representing 42.6 
percent of the total cooperatives in Iowa as of August, 1969, were in­
cluded in these records. The combined storage capacity of these co­
operatives was approximately 105 million bushels or bU percent or the tocai 
cooperatively-owned country elevator capacity in Iowa. These cooperatives 
represented slightly over 15 perceut of all the country elevators in Iowa 
in 1969, and accounted for 32 percent of the total country elevator 
storage capacity. 
The average grain storage capacity was about 625 thousand bushels. 
This is more than double the average capacity of all country elevators in 
Iowa, These cooperatives had grain sales of almost 155 million bushels 
or about one-fourth of the total grain marketed in Iowa. The dollar sales 
of feed and fertilizer in the F.G.D.A. data were converted to a tonnage 
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basis by assuming an average price per ton of feed and fertilizer. 
The importance of other service and product lines is evident in 
Table 30. These same cooperatives sold almost 450 thousand tons of 
feed, 362 thousand tons of fertilizer, $12 million worth of petroleum 
products, $7 million worth of lumber and almost $20 million of other farm 
supplies. The average grain sales was about 921 thousand bushels 
coupled with an estimated average feed sales of 2,676 tons and estimated 
fertilizer sales of 2,156 tons. The average turnover rate experienced by 
the cooperatives was 1.76. While there were 168 firms, approximately 40 
of these operated a facility in more than one community. 
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Table 30. Selected characteristics of 168 cooperative elevators in Iowa 
in 1969* 
Item Total Average per cooperative 
Grain storage 
capacity 
Grain sales 
Feed sales 
Fertilizer sales 
Petroleum sales 
Lumber sales 
Other sales 
c a 1 a c 
105,705,275 (bushels) 
154,705,275 (bushels) 
449,645 (tons) 
302,305 (tons) 
$12,587,943 
$ 7,379,064 
$19,934,087 
$329.108.-736 
625,131 (bushels) 
920,865 (bushels) 
2,676 (tons) 
2,157 (tons) 
$74,928 
$43,923 
$118,655 
$1.958.981 
^Source: Personal coirenunication with Farmers Grain Dealers Associa­
tion of Iowa, Fleur and Bell Streets, Des Moines, Iowa, January 1971. 
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CHAPTER V. GRAIN MARKETING COSTS 
Derivation of Cost Functions and Theory of Optimum Size Plant 
Elevator operating costs can be derived by basically two methods. 
The first method is the statistical cost approach. This relies on ac­
counting data from individual firms. Two advantages of this approach 
are the availability of data and that this data reflect the costs being 
experienced by the existing firms. 
Certain limitations in using the statistical cost approach must be 
recognized. Accounting records generally incorporate many arbitrary de­
cisions on cost allocation. These include selection of depreciation 
methods, allocation methods for costs in a multi-product firm and the time 
period for recording. Variations in the state of technology within the 
existing industry structure, efficiency of resource use and input prices 
also limit the usefulness of the data. Plants are not all operated at 
the same level of utilization, and individual plants frequently experience 
variations in utilization during the accounting period. 
Various statistical techniques have been developed to analyze cost 
and volume data from accounting records. The utilization of these 
techniques requires that both the limitacions and advanLages be recognized 
for proper application and interpretation. 
The second method of determining cost is the engineering economics 
or cost simulation model. This model requires knowledge of the physical 
input-output relationships and pricing of the inputs. In the engineering 
approach, it is typical to simulate varying size plants. Given a certain 
capacity plant, various utilization races can be hypochesized and a 
short-run average cost curve developed. The development of several short-
run coHt curves Cor model plants then leads to a determination o£ a long-
run ;ivcra}.',c co.sL curvti. The long-run average cost curve is an envelope 
of tlu' short-run average cost curvet. Care must be exercised in using 
the engineering cost model in developing the physical input-output re­
lationships. The validity of the cost curve derived from an engineering 
cost study should be examined. The advantage of an engineering cost 
study is that it can be applied when the data is inadequate for statisti­
cal analysis techniques. 
It appears that in many instances a combination of the two techniques 
would be appropriate. In particular, the engineering cost approach might 
be useful in determining plant and equipment investment costs. The 
estimation of repair costs, utility costs, and labor costs, by using the 
statistical technique, might be superior to engineering estimates in 
some cases. 
Theoretical concept of optimum size facilities 
This analysis is concerned not only with the costs of grain elevators 
but additionally with the cost of moving grain from the farms to the 
elevators. 
Consideration of optimum size facilities requires that assembly costs 
as well as in-plant costs be included in the analysis. In this study, 
the optimum size grain handling plant is dependent upon both grain 
assembly and in-plant handling costs. 
Figure 7 shows a hypothetical example of the three cost curves rele­
vant to the optimum facility analysis made in this study. Average costs, 
in dollar units, are shown on the vertical axis and volume, in bushels, 
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Figure 1 .  Hypothetical illustration of volume-cost relationships 
in grain elevators including both in-plant and assembly 
costs 
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is shown on the horizontal axis. Curve AA represents the average assembly 
costs incurred as the size of plant varies. This curve typically increases 
at a decreasing rate as plant size and trade area size is increased. It 
is assumed that marketing densities, assembly methods, and assembly costs 
remain unchanged as plant volume varies. 
Curve APC represents the average processing costs that are incurred 
as plant volume and size are changed. This is, by definition, a long-
run average cost curve and shows the economies to be gained as size in­
creases. This curve typically decreases at a decreasing rate as plant 
volume is expanded. Implicit assumptions in the shape of the APC curve 
are a given state of technology and a constant cost level for all inputs 
used in the processing operation. 
Curve CAC is a summation of average processing costs and average 
assembly costs. It is derived by the addition of AA and APC at any 
designated volume level. This curve, at relatively low volume, decreases 
at a decreasing rate; as volume expands, however, a point is reached where 
the curve starts to increase at an increasing rate. Note that this occurs 
when the AA curve starts increasing at a more rapid rate than the APC 
curve is decreasing. The minimum point on the combined cost curve in­
dicates the optimum plant size. 
Plant volume and trade area relationships 
Three factors determine the volume of business attained by a plant. 
These are: (1) the demand density for the product and/or service in the 
area served; (2) the plant's share of the total market; and (3) the size 
of the area served. 
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It is necessary to consider the prevailing road network and farm­
stead location to ascertain the area served within a specified distance 
from the plant. This analysis assumes that all trade areas are served by 
an East-West, North-South grid road network with grid intervals of one 
mile, and that farmsteads are located adjacent to the road. This pattern 
of road network and farmstead location is prevalent throughout Iowa. The 
analysis also assumes a homogenous marketing density and plant market 
share throughout the trade area served. 
The process of determining the size of the trade area within a 
specified mileage radius of a plant is illustrated in Figure 8 (18). 
Consider a plant located at Point A. The solid black lines represent 
the grid road network with one mile intervals. Each square represents one 
square mile, which is equivalent to one section. If the plant's trucks 
were limited to a maximum outbound distance of one mile, the area served 
is delineated by the dashed lines forming a diamond-shaped configuration. 
Thus, trucks traveling one mile east of the plant or one mile north of the 
plant can ccrvicc farmsteads locatevl aloug L'ue wesL uuù south sides of 
the square numbered "1" in the figure. In order to service all farmsteads 
located on the north and east sides of this section, the trucks wculd be 
required to travel an additional mile. Thus, the section is bisected 
diagonally, allocating half of its area to the first mile and the other 
half to the area served in the second mile increment. Similarly, section 
numbers 2, 3 and 4 are split between the two mileage increments. Thus, 
within one mile travel distance from the plant, an area equivalent to two 
square miles is served, one-half of sections 1, 2, 3, and 4. 
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Figure 8. Theoretical trade areas served assuming various road mileage 
distances from a plant located at point A 
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If the distance traveled extends two miles from the plant, the area 
served Ls delineated by the outer diamond-shaped configuration of dashed 
lines. The total area served within two travel miles of the plant is the 
initial two square miles served in the first travel mile plus 12 one-
half mile squares obtained by adding the second travel mile. Thus, the 
land surface area served within two travel miles of the plant totals 
eight square miles. The general relationship which defines the land 
surface area (trade area) gain by adding an additional mile travel 
distance is: trade area gain = 4 x miles from plant -2. The total trade 
area size is the summation of the gains over all mileage increments with­
in the travel distance specified (18). 
To determine the volume obtained by moving ont an additional mile 
from the plant (PV\), the number of sections (or square miles) in that 
increment is multiplied by the density per square mile times the plant's 
market share. Thus, the general formula for plant volume in the ith 
mile is : 
r v .  ~  u i d l .  t v - U L  a u d i ,  c  w  iuclj. rvct, lug vicnoj-uj ^ 
(4 X miles from plant -2) 
The total volume obtained by the plant (TPV^) at a specified distance of 
n miles is the summation of the volume obtained from each mileage incre­
ment or 
" ? 
TPv" = Z PV. = 2n 
i=l ^ 
Assembly cost methodology 
Assembly costs are assumed to be a function of miles traveled and of 
product or service demand in the area. The cost function used in the anal­
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ysis is of a linear form and includes a fixed cost component, A, and a 
variable cost component that varies with distance from the plant. The 
cost per unit (C^) in the ith mileage increment can be defined as = 
A + B (i miles). The volume obtained from each mileage increment is 
multiplied by the respective cost for that increment. The total cost of 
assembly is obtained by multiplying the cost per unit times volume in 
the ith mileage increment and then summing the n mileage increments. 
n 
TAC" = E PV.C. 
i=l ^ 1 
After the total cost of assembly for a specified trade area size is 
obtained, it is divided by the total volume to obtain the average assembly 
cost (AAC). Doubling production density doubles volume and hence total 
assembly cost. But average assembly cost remains the same as with the 
lower density. However, as density increases, combined cost for any 
given volume decreases since the plant can obtain the volume from a 
smaller trade area. 
In-plant costs methodology 
The in-plant costs are expressed in terras of average processing 
costs (APC). In Figure 7 curve AFC is clié long-run average cost curve 
and indicates the existence of economies of scale. 
An estimate of the in-plant cost function was derived by fitting a 
power function to data from the engineering simulation model relating 
average processing costs to plant volume (V), or APC = A x V This 
was accomplished by expressing the variables in logarithms and using the 
method of least squares to estimate the coefficients, A and B. 
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Review of Previous Elevator Cost Studies 
There have been many studies on the economies of scale in various 
agricultural marketing operations. Grain elevator costs have been 
studied by various authors over time. Most of these studies have con­
cluded that economies of scale do exist in the grain handling operation. 
A 1964 study conducted in Nebraska by Al-Araji concluded that the 
economies scales do exist in grain handling (2). The author found 
that the average total cost for handling grain declined from 6.9 cents 
per bushel in the smallest plant, with 325 thousand annual volume, to 
2.18 cents per bushel in the largest plant considered, a plant of almost 
4 million bushel capacity. The author also considered assembly costs 
from the farm to the elevator and concluded that the plant whose annual 
volume was a million bushels was optimum size for densities ranging from 
4,000 to 16,000 bushels per square mile. 
In a 1967 study conducted at Purdue University, Terry Yu-Hsien Yu 
considered the optimum number of country elevators in Indiana, recognizing 
the muiti-producc nacure uf eleviLuLo and derived lor^g rur. average cost 
curves for grain handling; feed retailing and fertilizer retailing (73). 
Assembly or distribution costs were considered in determining optimum size 
in addition to the internal plant cost. The author used 1964 accounting 
records of 206 country elevators in Indiana. Cost volume information 
in this data was used as the basis to estimate the long-run average cost 
functions by multiple regression techniques. 
The author concluded that there were economies in internal plant 
operations for grain, feed, and fertilizer. Significant economies ex­
isted in grain merchandising up to the maximum of the 1.3 million bushels 
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observed. From an internal cost standpoint, increasing the volume from 
the average observed to the highest volume observed, the total unit cost 
of grain merchandising was decreased from 16 to 9 cents per bushel. The 
percentage reduction in cost resulting from expansion of sales volume 
for feed and fertilizer was greater. Yu pointed out that too many ele­
vators was probably the main restriction on the expansion of sales volume. 
He concludes that from an aggregate cost minimization point of view, a 
reduction in number of elevators by 20 to 50 percent would reduce market­
ing costs of grain and farm supplies in local areas from about 15 to 
35 percent, 
Yu found the estimated combined least cost volume for grain 
merchandising at selected densities. For example, using a 2-ton truck 
for assembly, the least cost volume was 4.2 million bushels at a marketing 
density of 15 thousand bushels per square mile, requiring an 11.8 mile 
radius trade area. At the 25 thousand bushel density, the least cost 
volume was 5.0 million bushels, requiring a radius of 9.9 miles. As the 
density increased, the lease cost volume and the required size 
of trade area decreased. In an analysis of an average county in Indiana, 
the author found that the aggregate least cost volume for grain was 4.9 
million bushels, requiring a trade area radius of 8.3 miles. The least 
cost volume for feed and fertilizer required a trade area of 30.3 miles 
and 23.5 miles radius, respectively. 
In 1969, Kaldenberg completed an analysis of optimal size and loca­
tion of southern Minnesota elevators (38). This analysis incorporated 
both the internal plant cost and the grain assembly cost. The economies of 
size for 15 sample elevators in southern Minnesota and for 7 model ele­
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vators representative of new facilities werr estimated. The author found 
significant economies of size in both the s jitple elevators and the 
model elevators. The economies of size were greater for the model ele­
vators than for the sample elevators. 
Grain merchandising costs were estimated for the sample elevators 
operating as part of a multi-product grain and farm supply firm, as a 
specialized grain firm, and as a part of a multi-product grain and farm 
supply firm where only the operating costs were considered, the assump­
tion being, in the latter case, that the grain facilities were fully de­
preciated. The author found greater economies of size in the specialized 
grain firms than in the multi-product grain and farm supply firms. The 
economies of size for elevators including only the operating costs were 
slightly lower than the costs for the multi-product firm. The author 
found the average total cost of grain merchandising was reduced approxi­
mately 22 percent when the depreciation and interest costs were foregone, 
thus giving older depreciated facilities a cost advantage over newer 
facilities. 
The economies of size for the model elevators were estimated based 
on varying volume of the share of corn receipts in the fail. Corn re­
ceipts representing 48, 65 and 75 percent of the annual corn volume were 
utilized. The economies of size in annual grain volume did not change 
significantly as the harvest receipts increased. 
Kaldenberg (38) found significant economies of size for grain 
storage in the sample elevators up Lo a quarter million bushel capacity. 
Significant economies in size were found for both the upright and fiat 
model grain storage facilities. However, beyond 4 mil. bus., the long-
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run average cost curve for storage flattened out. The upright storage 
facilities exhibited economies of size for increasingly larger upright 
facilities. 
Costs of grain assembly were estimated for different-sized farm 
trucks and annual grain volumes for different grain elevators. A square 
rotated 45 degrees was selected to represent the market area. Producer-
waiting costs were developed for different capacity grain receiving 
systems and incorporated into the models. The author stated that, based 
on new model elevators with flat grain storage facilities and grain dry­
ing, producer-waiting costs, and the marginal total delivery costs for a 
2-ton truck, the optimal elevator size for southern Minnesota is 1.7 to 
2.8 million bushels with grain density of 5,000 to 20,000 bushels per 
square mile. The distance between competing country elevators was in­
versely related to grain density and was 15 to 25 miles. The operation 
of a multi-product plant resulted in the optimal distance between ad­
jacent elevators being reduced by 2 miles and a reduction in producer-
waiting cime Lu uiiloàJ. 
Research by Halverson at Iowa State University indicates that 
significant economies of size exist in grain elevator operations (24). 
This general condition was expressed in the study as follows; "An over­
all view of the results indicates that there are definite economies of 
scale with larger elevator systems. In all cases, the highest cost per 
bushel was obtained with the smallest elevator model" (24, p. 91). 
Halverson considered elevators ranging from 350,000 to 4 million 
bushels in storage capacity. The initial investment cost included the 
construction costs associated with various elevator sizes and the costs 
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of equipment, land and railroad siding. The elevator was assumed to 
handle approximately 80 percent of the total volume during the fall har­
vest season. Table 31 shows the tctaî in-plant costs estimated for 
various elevator model sizes. 
Halverson assumed a turnover rate of 1.5 in his elevator model. 
Using this turnover rate, the cost per bushel, the smallest model was 
6.76 cents, compared to 3.40 cents per bushel in the largest model. The 
largest decrease in cost per bushel occurred when moving from the half 
a million bushel to the one million bushel plant. In this increment, 
there was a cost savings of about 1.8 cents per bushel. 
When assembly costs were considered in the Halverson model, the 
most efficient size plant varied with the marketing density. With a 
marketing density of 5 thousand bushels per square mile, a minimum cost 
point range was reached in the model size of 1.5 million to 2.5 million 
bushels. Past 2.5 million bushels, moderate increases in cost were 
noted. In most cases, a majority of the economy was achieved when the 
movement was made from the smallest plant to a i.5 million bushel planL. 
Halverson concluded that elevators should be at least 1.5 million 
bushel in size and that there appeared to be slight economies of scale 
past this point. 
Engineering Cost Simulation Model 
The engineering cost simulation model developed for this study is 
based on the data presented in the Halverson study with some modifica­
tions (24). The analysis employed engineering economy concepts based 
on the time value of money. By considering the interest rate; i.e., the 
time value of money, comparisons at any particular point in time can be 
Table 31 . Total annual in-plant: costs associated with various elevator sizes^ 
Interes t 
on rail 
Storage s iding Property Total / b 
capac ity Deprec i.ation and land F.opairs Labor tax Insurance Utilities cost Cost/bu. 
(bushels) (dollars) 
350,000 18,557 976 1,987 8,686 1,021 375 3,918 35,520 (.1014) 
(.0676) 
500,000 25,348 976 2,412 9,759 1,369 507 6,579 46,950 (.0939) 
(.0626) 
1,000,000 33,981 1,265 2,660 12,430 2,117 784 12,993 66,230 (.0662) 
(.0441) 
1,500,000 46,828 1,555 2,890 16,695 2,941 1,089 18,911 90,909 (.0606) 
(.0404) 
2,000,000 61,812 1,955 3,125 18,772 3,847 1,425 24,892 115,828 (.0579) 
(.0386) 
2,500,000 72,923 2,222 3,310 21,748 4,623 1,712 30,873 137,411 (.0549) 
(.0366) 
3,000,000 86,011 2,712 3,500 24,789 5,456 2,021 36,975 161,464 (.0538) 
(.0358) 
3,500,000 95,864 3,201 3,825 26,870 6,198 2,296 42,729 180,983 (.0517) 
(.0344) 
4,000,000 108,937 3,491 4,250 29,473 7,030 2,604 48,784 204,569 (.0511) 
(.0340) 
o 
CO 
a, Source; (24, p. 118). 
The first figure listed for each elevator size is the cost; per bushel based on storage capacity; 
the; second figure is the cost per bushel based on total bushels handled (storage capacity x 1.5 turn­
overs ). 
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made of cash flows occurring at varying points in time. 
The engineering economy technique is an exact technique of computing 
costs, whereas there are various approximations consnonly used for the 
sake of convenience. One method of computing investment costs is to 
calculate depreciation on a straight-line basis and an interest charge, 
or return, on the average investment. This approximation method employs 
an arithmetic average of investment without adjustments for the time 
value of money. Smith points out that errors, in terms of understate­
ment of cost, occur if the first cost exceeds the salvage realized, the 
life of the investment is over one year, and the interest rate is greater 
than zero (53, p. 104). 
In evaluating elevator costs, the time value of money concept can be 
used to give a more precise estimate of costs. It should be recognized 
that the exact technique is applied to cash flows which are in themselves 
estimates. The investment in an elevator facility is typified by the 
initial investment cost of the building and associated equipment, and 
annual costs of operation, such as labor costs, repair costs, and utility 
costs. Generally, at the end of the useful life of the facility, some 
salvage value exists. Since these cash flows occur ac various uoiuLS in 
time, it is desirable to either determine the present value of all the 
cash flows or the annual equivalent value of the cash flows. 
This analysis used the annual equivalent value approach to determine 
elevator costs. This equivalent provides repayment of the investment and 
a return on the investment during ics life. Trie se two elements arc re­
ferred to as capital recovery. 
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The basic formulation used in the analysis is described by Smith 
(53J p. 100). The general model has the form: 
i 
AEC = 3(a/p)^ - V(a/f)^ 
where 
AEC = annual equivalent cost 
B = first cost of the facility 
V = salvage value 
i = interest rate (or rate of return) 
n = years of facility life 
(a/p)^ = —- = annual equivalent of a present sum 
(a/f)^ = = annual equivalent of a future sum 
^  ( 1 + 1 ) ^ - 1  
This analysis assumed a before-tax rate of return requirement of 10 
percent. No provision was made in the analysis for the effect of income 
taxes. The 10 pcrcent rate of return can be viewed as an opportunity 
cost of capital. This appears to be an rate that is representative of 
the expectations of various firms and individuals. Halverson included an 
interest charge on the railroad siding and on the land where the facility 
was located, but no interest charge was made on the rest of the invest­
ment . 
Taxes and insurance were assumed to be equal to 3,1 percent of the 
total cost of the plant and equipment. The annual operating costs in­
cluded labor, repairs, and utilities. These variable costs were assumed 
to be the same as those reported by Halverson. 
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It was assumed that the equipment in the building would be replaced 
twice during the life of the plant structure. Thus, replacements at 
one-third and two-thirds of the plant life were discounted to a present 
equivalent to ascertain the total present equivalent cost of the equip­
ment. This present equivalent cost was then annualized over the life 
of the elevator. A similar procedure was followed for the dryer and 
aeration equipment, with an initial installation cost plus five replace­
ments over the life of the plant assumed. It was further assumed that 
the only salvage value occurring to the firm would be the salvage value 
of the land. Thus, the salvage value of the land was discounted to a 
present equivalent and subtracted from the present cost of the land. This 
land cost was then annualized over the period of the investment. The 
railroad siding cost was assumed to be the same as in the Halverson model 
and was likewise annualized over the life of the elevator. 
The basic data in the Halverson model for investment costs were 
utilized in this analysis. However, since elevator investment costs have 
been increasing since the time the original investment coals weic gathered, 
an upward adjustment was made. It was assumed that costs for construction 
and all equipment utilized in the plant were at a level of 15 percent 
above those reported by Halverson. A recent study by the Economic Re­
search Service estimated that building and equipment costs increased 30 
percent from the period 1967-1968 to the projected time 1971-1972 (47). 
Table 32 shows that total plant and equipment investment costs range from 
$431,082 in the smallest model to almost $3 million in the 4-million 
bushel model, Tiie original data is shown in Appendix Table 53. 
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Tabic 32. Selected investment costs for various size elevator models 
Model size 
Cons truetion 
cost 
Equipment 
cost 
Total investment 
cos t^ 
(dollars) 
350,000 266,857 83,887 431,082 
500,000 387,193 95,530 583,200 
1,000,000 656,010 134,343 901,802 
1,500,000 924,818 173,155 1,252,500 
2,000,000 1,193,630 244,737 1,638,674 
2,500,000 1,462,443 283,550 1,969,248 
3,000,000 1,731,255 327,537 2,324,082 
3,500,000 2,000,067 366,350 2,639,898 
4,000,000 2,268,880 420,687 2,994,470 
^Total Includes costs of construction, equipment and miscellaneous 
including: dryer equipment, aeration equipment, and heat detection 
equipment. 
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Table 33 shows the annual equivalent cost for this investment. It 
was assumed that the elevator plant life would be 50 years. Halverson 
assumed a life of 33 1/3 years for depreciation purposes. The selection 
of a 40-year period, for example, would not significantly change the 
costs on an annual basis. 
The resulting cost for the elevator operating at turnover rate of 
one and one-half are shown in Table 34. The costs ranged from 15.2 
cents per bushel in the smallest-sized plant to 8.5 cents per bushel in 
the largest model. Most of the economies of size are captured in the 
movement from the 500 thousand bushel size elevator to the 1 million 
bushel size elevator. The average total cost for the half million 
bushel elevator was 14.1 cents compared to 10.6 cents in the million 
bushel facility. The modification of the Halverson model resulted in 
an increased cost per bushel. For example, Halverson found a cost of 6.8 
cents per bushel in the smallest model compared to 15.2 cents in this 
analysis. 
Examination of various data indicated chat che curnover taLe varied 
widely between and within crop reporting districts. The next step in 
the analysis was Lo assurfie alternative turnover rates. It was assumed 
that the cost classified as "fixed cost" was in fact fixed and not re­
lated to changes in the elevator utilization rate. The labor costs, re­
pair costs, and utility costs, were regarded as variable costs. The 1.5 
turnover rate was assumed to be the base utilization rate and variable 
costs were adjusted in accordance with the diversions from this base rate. 
When the turnover race was less than the 1.5 base rate, variable costs 
were decreased. The following formula was used in the case where this 
Table 33. Annual equ1valent investment 
Taxes amd 
insurance 
costs Model size 
350,000 
500,000 
1,000,000 
1,500,000 
2,000,000 
2,500,000 
3,000,000 
3,500,000 
4,000,000 
13,364 
18,079 
27,956 
38,827 
50,799 
61,047 
72,047 
81,837 
92,82 9 
costs for various size elevator models 
Miscellaneous 
Construction Equipment equipment Land Railroad 
costs costs costs costs costs 
(dollars) 
26,915 10,666 13,075 500 726 
39,052 12,147 16,352 500 726 
66,165 17,082 18,138 750 839 
93,276 22,017 25,149 1,000 952 
120,389 31,119 32,599 1,500 952 
147,501 36,054 36,334 1,750 1,037 
174,613 41,647 43,175 2,250 1,150 
201,725 46,582 44,508 2,750 1,263 
228,837 53,491 49,622 3,000 1,376 
Table 34. Total annual in-plant costs issociated with various elevator sizes operated at a 1,5 
turnover rate 
F ixe i 
cost^ 
Variable 
cos t^ 
Total 
cost Average cost per bushel 
Model size (dollars) Fixed Variable Total 
350,000 65,246 14,591 79,837 0.124 0.028 0.152 
500,000 86,856 18,750 105,606 0.116 0.025 0.141 
1,000,000 130,929 28,083 159,01?. 0.087 0.019 0.106 
1,500,000 181,221 38,496 219,717 0.081 0.017 0.098 
2,000,000 237,357 46,789 284,146 0.079 0.016 0.095 
2,500,000 283,72 2 55,931 339.653 0.076 0.015 0.091 
3,000,000 334,851 65,264 400,145 0.074 0.015 0.089 
3,500,000 378,665 73,424 452,089 0.072 0.014 0.086 
4,000,000 429,154 82,507 511,661 0.072 0.014 0.085 
^Total annual equivalent investment costs. 
^Includes labor, repairs and utilities. 
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occurred : 
[aVC = Ave, ^ X (0.1 + turnover rate/base turnover rate)] base rate 
where 
AVC = average variable cost. 
This computation allows for some rigidity in the variable cost component. 
For example, if the plant is operating at 80 percent of the base rate, the 
variable costs are 90 percent of the variable cost at the base rate. The 
reason for not reducing variable cost by the same percentage as utiliza­
tion is that there are some costs in the variable category that have 
"fixed" characteristics. For example, a certain amount of power and fuel 
will be required to light and heat the elevator facilities regardless of 
the level of utilization. Similarly, the labor force required to perform 
the various functions may not be fully flexible. 
For utilization rates above the base rate, it was assumed that vari­
able costs would increase in the same proportion as the increase in 
utilization rate. The following relationship was used to determine 
variable cost at turnover rates higher than 1.5; 
AVC = AVC, X (turnover rate/base turnover rate) base rate 
The variable cost would increase 10 percent, if the utilization rate 
were increased 10 percent. There is a possibility that the labor cost 
component might not rise directly in proportion to utilization rate in­
creases. However, it is possible with higher utilization rates, repair 
costs might increase faster than the increase in turnover rate, due to 
the possibility of decreased maintenance and/or increased fatigue on 
equipment. 
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Alternative turnover rates varying from 1.0 to 4.0 were analyzed. 
As the rate of utilization Increased, the average cost per bushel handled 
decreased. Table 35 shows the average cost per bushel with selected turn­
over rates in the model elevators. Cost per bushel decreased as the 
turnover rate increased in all model elevator sizes. For example, in the 
smallest model size at a turnover rate of 1.0, the average total cost 
was 21.4 cents per bushel compared with 7.4 cents per bushel at a turn­
over rate of 4.0. 
The next step of the procedure consisted of fitting a cost function 
to the nine observations of model plant sizes under alternative turnover 
rates. This was accomplished by expressing in logarithms the dependent 
variable, average total cost, and the independent variable, volume of 
grain handled, and applying the least square regression techniques. For 
example, at a 1.5 turnover rate, the following relationship was obtained. 
Log ATC = 1.280186 - 0.242579 (log volume) 
where 
ATC = average total cost 
The logarithmic equation was then converted to the natural number form 
with the resulting cost relaLioiishijj shown in equation form below: 
-.  '42579 
ATC = 3.597307 (volume) ' 
2 
The R statistic for the 30 alternative rates was consistently greater 
than .95. 
Assembly Costs 
It was assumed that most grain would move to elevators by truck, 
and that the average grain truck would haul about 300 bushels of grain. 
Trucks with a tandem axle, however, are capable of hauling approximately 
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Table 33. Average total cost per bushel in various size elevator models 
with selected turnover rates 
Average total cost per bushel turnover rate 
Model size 1.0 2.0 3.0 4.0 
(cents) 
350,000 21.4 12.1 9.0 7.4 
500,000 19.9 11.2 8.3 6.8 
1,000,000 15.0 8.4 6.2 5.1 
1,500,000 13.8 7.8 5.7 4.7 
2,000,000 13.4 7.5 5.5 4.5 
2,500,000 12.8 7.2 5.3 4.3 
3,000,000 12.6 7.0 5.2 4.2 
3,500,000 12.2 6.8 5.0 4.1 
4,000,000 12.1 6.7 5.0 4.1 
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400 to 450 bushels of corn. This load assumption is supported by a recent 
study of cooperative elevators in Iowa, which reported an average load 
size of 288 bushels for truck receipt of grain for the elevators sur­
veyed (72, p. 21). The cost structure used by Halverson is shown in 
Table 36. The assembly costs reflect representative rates being charged 
by truck operators, as filed with the Iowa Commerce Conmission. 
The Halverson rate structure was converted to a cost function by use 
of linear regression methods (24, p. 105). The grain assembly cost 
function developed was AC^ = 2.585 + .1327i, where AC^ is the average 
cost in cents per bushel for the ith mileage increment and i is the units 
2 
of whole miles. This equation had an R of .983 with a t-test statistic 
of 37.3, both of which suggest a relatively good fit. 
The grain assembly costs for various size trade areas were estimated 
by the procedure discussed in the theoretical section of this chapter. 
Kaldenberg (38, pp. 82-85) developed costs for various size trucks used in 
delivering grain. He examined truck capacities of 60, 200, 300, and 450 
bushels. The variable cusLs pci mile excluding driver uas esctmated 
4 cents, 6 cents, 8 cents- and 10 cents, respectively. He noted that 
most farm trucks were driven approximately 4.000 miles per year and the 
average fixed cost per mile of truck ownership was computed on this basis. 
He further stated that total cost per running mile is substantially higher 
than that for a commercial truck operator. Driver costs were computed at 
$2.00 per hour, based on an average speed of 40 miles per hour. Labor 
costs per running truck mile were fixed since he assumed that loading and 
unloading time would be equal regardless of the grain delivery distance or 
the capacity of truck used. In the Kaldenberg analysis, the cost of 
115 
Table 36. Grain assembly costs for movement direct from field to 
elevator^ 
Miles Cost per bushel Miles Cost per bushel 
(cents) (cents) 
1 .0250 14 .0450 
2 .0275 15 .0450 
3 .0300 16 .0450 
4 .0325 17 .0500 
5 .0325 18 .0500 
6 .0350 19 .0500 
7 .0350 20 .0550 
8 .0375 21 .0550 
9 .0375 22 .0550 
10 .0400 23 .0550 
11 .0400 24 .0550 
12 .0425 25 .0000 
13 .0425 
'Source: (24, p. 105). 
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moving grain an additional mile for the 300 bushel truck would be equal to 
16 cents per mile variable truck cost, plus 10 cents per mile labor cost, 
a total of 26 cents per additional mile. This would be equivalent to .0867 
cents per bushel per additional mile. Thus, the Kaldenberg assembly cost 
function would indicate a lower marginal cost than the model developed 
from the Halverson data. The effect of the lower marginal cost per 
additional mile is to lower the assembly cost function and therefore in­
crease the optimum size of the trade area determined by the combined cost 
function. It appears that the marginal cost of .1327 cents per bushel 
per mile is in line with out-of-pocket truck operating costs being ex­
perienced in Iowa. 
Development of Combined Cost Model and 
Optimum Size Determination 
The summation of assembly costs and in-plant costs resulted in the 
combined cost curve. This is illustrated in figure 9 which shows the 
three cost curves associated with a marketing density of 12 thousand 
bushels per square mile and a turnover rate of 1.5. The 12 thousand 
bushels per square mile is close to the average marketing density for the 
state of Iowa. The in-plant processing curve shows a rather sharp de­
crease up to the range of about two million bushels, and a slower decrease 
thereafter. The assembly costs tend to increase at a decreasing rate. 
The combined cost curve shows decreasing costs throughout the range 
of volumes; however, it tends to flatten out in the 3 to 5 million 
bushel range and declines very little thereafter. Appendix D tables 
present data obtained with varying assumptions regarding turnover rate and 
marketing densities. 
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igure 9.  Assembly cosl.j  in-plant cost and combined cost of grain marketing in an area of a 
]2,000 bu. per sq. ni.  marketing density and an elevator turnover rate of 1.5 
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The theoretical least cost volume would occur when the combined cost 
curve reaches a minimum. However, the combined cost curves would indicate 
that for a wide range of combinations of marketing densities and turnover 
rates, this minimum point would occur at a trade area size in excess of a 
20-mile radius. It appears that perhaps the more relevant volume is the 
one that achieves most of the economies of scale. 
Figure 10 shows the combined average cost with varying marketing 
densities and a 1.5 turnover rate. Most of the economies of scale are 
achieved in the 2 to 3 million bushel volume range. This would indicate 
an elevator with a storage capacity of 1.5 to 2.0 million bushels achieves 
most of the economies. The size of trade area required to obtain the 
volume handled is shown on the horizontal scales in Figure 10. These show 
the miles from the plant necessary to attain the volume under the five 
marketing density levels. This shows, for example, that with a 20,000 
bushel marketing density a volume of 2 million bushels requires a trade 
area which extends 7 miles in all directions from the plant. If the 
marketing density in a trade area is only 10 thousand bushels per square 
mile, a trade area which extends 10 miles from the plant would be neces­
sary to attain a volume of 2 million bushels. Figures 11, 12, and 13 
show the same information with varying turnover rates. Appendix Table 54 
presents the data on which the figures are based. 
Statistical Cost Model 
A statistical cost model was developed to estimate the cost of 
handling grain in the existing industry structure and to provide a basis 
of comparison between existing costs and the engineering simulation model. 
Figure 10. Combined elevator handling and assembly costs under alternative 
grain marketing densities and trade area sizes and trade area 
siKe required to attain a given volume, assuming an elevator turn­
over rate of 1.5 
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To estimate the economies of size curve from accounting data, certain 
assumptions based on apriori knowledge of the elevator industry were in­
corporated. To develop economies of scale curves consistent with 
economic theory, an additional variable is often incorporated to measure 
the rate of plant utilization. 
The inclusion of the rate of capacity utilization variable has the 
effect of creating the theoretical U-shaped average cost curve for the 
short run. In other words, as the rate of utilization of the plant in­
creases, the average cost decreases over a range reaching a minimum point 
and then as the rate of utilization increases beyond this minimum point, 
the average cost starts increasing. To incorporate this in the model, 
two forms of the variable were included. These were the rate of capacity 
utilization and the rate of capacity utilization squared. The quadratic 
term was included to affect the form of the function. The coefficient of 
the linear term of the rate of capacity utilization is expected to be 
negative and the quadratic term is expected to be positive to generate 
the U-shaped curve. 
A multiple regression can be used to identify effects of changes in 
the rate of utilization in given size facilities and changes in size of 
facilities on average cost. A simplified model could be as follows: 
AC = a +bl(CAP) +b2(RU) +b3(RU)^ 
where 
AC = average costs 
CAP = size variable 
RU = rate of utilization 
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The size variable used is generally some measure of the productive 
capacity of the facility. The rate of utilization variable selected is 
a measure of the extent c,c rate at which a facility is used. The b co­
efficients are determined by multiple regression techniques from the 
accounting data, resulting in an estimated total cost function. 
Once the total cost function is obtained, long-run and short-run 
relationships can be derived from it. The short-run cost function can 
be obtained by holding the size variable constant; i.e., a fixed capacity 
facility, and varying the rate of utilization. This results in a U-
shaped short-run cost curve for a given size facility. 
The long-run cost curve can be developed by holding the rate of 
utilization of the facility constant and varying the size of facility. 
The cost curve reflects the effect of variation on average cost as the 
facility size is changed, with all facilities operated at the same rate 
of utilization. The rate of utilization selected is often the mean 
value obtained in the regression. The selection of a higher utilization 
rate is favored by various authors as it reflects in uuiuy inolances a. 
more optimum use of facilities. 
in the study of faccors affecting the optimum size and number of 
country elevators in Indiana, Yu used three alternative measures of 
plant size to estimate the economies of size curves for internal plant 
operations (73). These models were: (1) components of sales; (2) total 
dollar sales, and (3) gross operating margin. The components of sales 
model incorporated sales volumes of feed, fertilizer- grain and 
miscellaneous items as a measure of plant size. The three models included 
a linear and quadratic expression of the rate of utilization variable. 
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In the first model, the rate of utilization variable was defined as the 
ratio of total dollar sales to grain storage capacity. The second and 
third model utilized the ratio of grain sales lo storage capacity as a 
measure of the rate of utilization. In all models the signs of the 
linear term of capacity utilization were negative and the signs of the 
quadratic term of capacity utilization were positive. This supported 
the hypothesis of a U-shaped short-run average cost curve. The first 
model was selected as the basis to develop the long-run average cost 
curve (73, pp. 51-59). 
Accounting data for firms with fiscal year ending during 1969 was 
compiled by the Farmers Grain Dealers Association of Iowa (F.G.D.A.). 
This information was provided for 189 cooperative elevators. The data 
included ten co-ops not handling grain that were eliminated, leaving 
179 elevators that handled grain. Another selection criteria was in­
troduced that specified that the ratio of the total bushels of grain 
sales to the total dollar sales of a particular cooperative had to be 
greater than or equal to .Zi>. As a resulc of the selecLioii criteria, 
168 elevators remained for analysis. 
Generally, these elevators provided a full line of farm supplies 
and services. The characteristics of these elevators were discussed in 
detail in Chapter IV , These elevators represented 15.3 percent of the 
total elevators in Iowa as of August, 1969, and accounted for 32.2 per­
cent of the total grain storage capacity. 
The data were reported in terms of dollar sales of feed and 
fertilizer. Dollar sales volumes of feed and fertilizer were converted 
into physical sales volume by use of an average price per ton. 
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The average price per ton of feed in 1969 was estimated by multi­
plying each respective livestock class by the protein utilization rate 
to obtain the tons of protein consumed by livestock class (A4). The 
tons of protein consumed by livestock class were weighted by the average 
price for protein feed for the respective class (62). The total protein 
cost obtained was divided by the total protein utilized, resulting in an 
average price of $116 per ton. The average price for fertilizer was 
obtained by dividing the 1969 total expenditures for lime and fertilizer, 
less estimated expenditures for lime at $3 a ton, by the total tons of 
fertilizer sold in Iowa (56, pp. 64-65). This resulted in an average price 
of $68 per ton. The analysis was first conducted with the dollar volumes 
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of feed and fertilizer included. However, the R and t-tests of signifi­
cance of the variable coefficients were improved when the dollar volumes 
were converted to a physical tonnage basis. 
The regression analysis of this data used the volume of business as 
a measure of plant size. Volume of business is the most important factor 
affecting cost of country elevalui aim farsi supply operations. The 
of grain sales to grain storage capacity was selected as the rate of 
utilization variable; an alternative was the ratio of total dollar sales 
to grain storage capacity.  
The following model and symbols were used to estimate the total cost 
equation from the F.G.D.Â. data. The two models differed only in the 
specifications of the rate of utilization variable. 
Model I : 
C G 2 
TC - a -f b.C + b-FD + b_FT + b.OT + b,( ^  ) + b,( - ) 
L z j 4 DC bC 
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Model II: 
2 TC TC 
TC = a + b^G + bgFD + b^FT + b^OT + b5( — ) = b^( —) 
G = grain sales (bushels) 
FD = feed sales (tons) 
FT = fertilizer sales (tons) 
OT = other sales (dollars) 
C = grain storage capacity (bushels) 
TS = total sales (dollars) 
TC = total cost (dollars) 
The following two equations show the results of the regression 
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analysis. Both equations had R 's of about .92. The t-test was signifi­
cant for all coefficients in Model I at the one percent level except for 
the quadratic term for the rate of utilization. This coefficient was 
significant at the 5 percent level. Model II had one variable that was 
not significant at the 5 percent level and another one that was signifi­
cant at the 5 percent level, the remainder being significant at the one 
percent level. Since Model I incorporated the rate of utilization vari­
able defined as grain sales divided by storage capacity, i.e., the turn­
over rate; this equation was selected to generate the cost curve. The 
signs of the various coefficients were as expected. The linear term of 
the rate of capacity utilization was negative in both models, while the 
coefficient of the quadratic term of the rate of capacity utilization 
was positive. This would result in the U-shaped short-run cost curve 
as capacity utilization varies. Appendix Table 55 presents information 
on the statistical analysis. 
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Mode1 I; 
TC = 48,204.21 + .070456(G) + 20.9295(FD) + 21.8317(FT) 
-18,H8.41(G/C) + 940.73(G/C)^ 
Model II : 
TC = 40,672.10 + 0.062660(G) + 22.0872(FD) + 22.5994(FT) 
-5491.89(TS/C) + 114.50(TS/C)^ 
Grain merchandising accounted for about 64 percent of the total dollar 
sales. Feed accounted for 16.1 percent of the dollar sales and fertilizer 
accounted for 7.6 percent of the dollar sales. Total other sales ac­
counted for 12.6 percent of the total sales in dollars. There was some 
correlation between grain sales and other sales components. The correla­
tion coefficient between grain sales and feed sales was .50, between 
grain sales and fertilizer sales .74, between grain sales and total other 
sales .53, and between grain sales and total sales .92. 
Yu derived long-run average cost curves from the data on Indiana 
elevators by the following procedure (73, pp. 50-59). He fixed the rate 
of capacity utilization at the level which gave the minimum shorc-ruu 
average cost and alternatively at the mean rate of capacity utilization. 
He then fixed the levels of feed fertiliser and other sales at their 
mean values and derived a long-run cost function for grain operations. 
Yu points out that various factors such as fluctuating volumes, 
seasonal volumes, and imperfect knowledge serve as constraints, prohibiting 
a utilization rate at the level which gives the minimum short-run average 
cost. The methodology employed by Yu includes in the total cost; the 
cost associated with handling a mean volume level of feed, fertilizer; 
and other sales in addition to the alternative volumes of grain. Thus, 
133 
the cost curve derived is a cost curve that incorporates not only the cost 
of handling grain but all the costs of the other product lines. The 
technique employed in this analysis to develop a long-run cost equation 
for grain operations was similar to the Yu methodology, with the ex­
ception that the cost coefficients and their respective mean value volumes 
of feed, fertilizer, and other sales were not included. The resultant 
total cost curve derived from the statistical model was as follows: 
ATC = .070405 + 20,949.53 
grain G 
The mean value of the linear term of the rate of capacity utiliza­
tion was 1.75711 and the mean value of the quadratic term-was 4.8700. 
If the statistical cost curve's intercept value of $20,949 is 
allocated between grain sales and other sales, based on the percent of 
sales accounted for by grain, i.e., 64 percent the resulting intercept 
value is $13,407.70. Thus, the adjusted long-run cost equation for grain 
sales only in a multi-product firm becomes: 
= nwssvl + 407.70 
grain G 
Figure 14 depicts the two alternative long-run cost curves obtained 
from the F.G.D.A. data and also the curve obtained from the engineering 
model, with a utilization rate of 1.7. The variation in costs between 
the twc curves derived from the statistical fimction is greatest at the 
lower volume levels and decreases as volume levels increase. 
The engineering simulation model exhibits greater economies of scale 
than the statistical cost models indicate. The engineering model tends 
to start at a higher level and decreases rapidly over the range up to 
about 2 million bushels. The statistical cost curve tends to flatten out 
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at a lower volume level. The higher level of costs exhibited in the 
engineering model could be due to several factors. One of these factors 
is that the engineering model is based largely on a specialized grain 
handling operation, whereas the statistical cost model is from multi-
product firms. Kaldenberg found that multi-product grain firms had a 
lower long-run average cost curve than specialized grain firms (38). 
Another reason that the statistical cost model could tend to be lower is 
that it reflects facilities acquired at a cost substantially less than 
that of prevailing investment cost levels. Also, the accounting interest 
costs are only on debt capital and could reflect long-term commitments 
at an interest rate less than the prevailing market rate. 
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CHAPTER VI. THE EXISTING ELEVATOR STRUCTURE WITH 
COMPARISONS TO A MORE OPTIMUM STRUCTURE 
Analysis of the Current Elevator Structure 
As of December 1970, there were 1,178 elevators located in 853 
communities. These included both country elevators and terminals and had 
an average storage capacity of 367 thousand bushels. The fact that some 
elevators are located in the same community leads to an overlapping of 
trade areas. If the trade area is defined as being the trade area 
associated with one community location and there is more than one 
elevator in a community, the relevant measure of potential volume is no 
longer the grain marketing density in the area. Rather, the relevant 
density is that based on the elevator's share of the grain volume; i.e., 
the elevator's market share. 
Table 37 shows the number of communities in Iowa with elevators based 
on the number of elevators located in a community. For example, there 
were 174 communities in Iowa with two elevators and 46 with three ele­
vators. An examination of the number cf elevators in communities by 
districts shows some variation between districts. The average community 
trade area in each district was obtained by dividing the total square 
miles in the district by the number of communities with elevators. After 
the total number of square miles in an average trade area was determined, 
this was converted to a mileage radius equivalent. The trade areas were 
assumed to be diamond-shaped as discussed previously in Chapter 5. The 
size of the coimmnity trade area varied from an average of only 4.6 miles 
in central Iowa to an average of 8.5 miles in south central Iowa. 
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Table 37. Communities by number of elevators located in the community, 
average community trade area and average effective elevator 
trade area by crop reporting district and Iowa total, 1970 
Average trade area 
Elevators per community Effective 
District 1 2 3 4 or more Community elevator 
(number of communities) (miles) 
1 69 30 10 4 5.4 4.4 
2 99 15 5 0 5.1 4.6 
3 47 18 3 2 6.8 5.7 
4 89 22 10 4 5.4 4.5 
5 123 30 6 2 4.6 4.0 
6 61 19 4 2 5.9 5.0 
7 42 19 3 2 6.1 5.0 
8 27 9 2 0 8.5 7.4 
9 58 12 3 2 6.0 5.2 
STATE 615 174 46 18 5.7 4.9 
Average community trade area obtained by dividing square miles of 
area in district or state by the total number of communities and assuming 
diamond shaped trade areas; average effective elevator trade obtained by 
dividing area by total number of elevators in the district or state. 
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Comparing the average trade area size to grain marketing densities 
by district reveals an inverse relationship. This relationship appears 
consistent with results obtained by Yu (73, pp. 142-144) and KaLden-
berg (39, pp. 110-116). As the marketing density increases, the distance 
from the elevator to attain a specified volume with associated economies 
of scale decreases. Thus, areas with higher marketing densities can 
provide a sufficient volume of grain for more elevators to attain the 
economies of scale desired. 
If each elevator was located in a community without any other 
elevators in that community, the size of the trade area would be re­
duced. For example, the average trade area in Iowa for an elevator 
would be 4.9 miles radius compared to 5.7 miles radius for the community 
trade area. 
The current cost of handling grain through the country elevator 
system was estimated for the 1968 and 1969 crop years by use of the 
modified statistical cost function. The turnover rate in each district 
was compuueù by ùiviJiùg grain sales ir. cach crop year by the co ' jPTy 
elevator storage capacity as of August, 1969, This storage capacity 
could be an overestimate of capacity for the 1968 crop year, and 
conversely, an underestimate for the 1969 crop year. It was assumed that 
the grain marketing density was homogenous throughout a crop reporting 
district. 
The volume of grain through an individual elevator was defined to be 
equal to the storage capacity of that elevator times the average turn­
over rate of the district in which it was located. The total cost of 
handling grain in each individual elevator was calculated using the 
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modified statistical cost function held at the mean utilization rate de­
veloped in Chapter 5; i.e., 
Total cost = .070405 (grain volume) + $13,407.70 
The estimated total cost of marketing grain in Iowa was $58.4 million for 
the 1968 crop year and $60.8 million for the 1969 crop year. This is 
an average cost per bushel of 9.2 cents and 9.1 cents for the respective 
years. It should be recognized these estimates reflect the assumptions 
noted and have limitations. 
Comparison of Costs in the Existing Structure and a Modified Structure 
The potential costs savings of an elevator structure with fewer 
and larger facilities was examined. In 1969, the average size of 
country elevators was only 297,000 bushels of storage capacity. The 
economies of scale exhibited by both the engineering cost function and 
the statistical cost function indicate costs decrease as elevator sizes 
reach at least three to five times the current average. The modified 
statistical rosr functiuii yields a cost cf 9.7 cents per bushel for an 
elevator of 297,000 bushels storage capacity, compared to 7.9 cents per 
bushel in an elevator three times the average size. An elevator four 
times the average size would have a cost of 7.7 cents per bushel. There­
fore, it appeared that elevators of a larger size would result in lower 
costs than experienced in the existing structure. 
To estimate the potential cost savings, a modified elevator structure 
was synthesized. In the modified structure, it was assumed that all 
elevators in a district with capacity less than three times the average 
storage capacity per elevator in that district were replaced. These 
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smaller elevators were replaced by elevators that were three times the 
average storage capacity in that district. The total amount of storage 
capacity in the smaller elevators in a district was held constant, only 
the number of elevators was changed. Costs in elevators that were 
greater than the assumed minimum size were calculated as before, using 
the modified statistical cost function. The same cost function was used 
in calculating costs in the larger replacement elevators. The costs in 
both the larger existing facilities and the replacement facilities were 
aggregated to obtain the total in-plant cost of marketing grain in Iowa 
for the 1968 and 1969 crop years. 
The assembly costs in the existing structure were calculated based 
on the assembly cost function developed previously. The average size 
community trade area in each district was used to determine the assembly 
cost in the existing structure. In the modified structure, it was 
assumed that the square miles in each district's average size trade area 
would be doubled, thus the radius of trade area was increased about 40 
pcLuciit. Doiiblir.g the cizs of the trane area increased average assembly 
costs by .2 to .3 cents per bushel, as shown in Table 38. The average 
cost of assembly in Iowa rose from 3.2 cents per bushel in the existing 
structure to 3.4 cents per bushel in the modified structure. 
The total in-plant costs for marketing grain in the modified 
structure were $50.0 million in 1968 and $52.3 million in 1969. This 
would represent an estimated savings of almost $8.5 million or 1.4 cents 
per bushel in 1969, compared with the existing structure. Since assembly 
costs increased ,7. cents per bushel, the combined costs were 11.2 cents 
per bushel in 1969 in the modified strticture, compared to a combined 
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Table 38. Estimated grain assembly costs in existing elevator structure 
and in modified structure by district and Iowa 
Average assembly cost per bushel 
District Existing structure Modified structure 
(cents) 
1 3.1 3.3 
2 3.1 3,3 
3 3.2 3.5 
4 3.1 3.3 
5 3.1 3.2 
6 3.2 3.4 
7 3.2 3.4 
a 3.4 3.7 
9 3.2 3.4 
IOWA 3.2 3.4 
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cost of 12.3 cents per bushel in the existing structure. Thus, it appears 
that the combined costs of grain marketing in Iowa would have been re­
duced over a cent per bushel under the modified elevator structure. 
These estimated costs savings are based on an aggregate state 
average. Potential savings would vary in individual areas. For ex­
ample, in an area where the elevators are 200,000 bushel average storage 
capacity, the costs would be about 11 cents per bushel with a volume of 
350,000 bushels. The costs in an elevator of three times this size 
would be about 8% cents per bushel. This would indicate a potential 
savings of 2% cents per bushel in that particular area, considerably 
more than the state average savings. 
It appears that utilizing the statistical cost function results in 
a conservative estimate of cost savings in a structure with larger 
elevators. If the cost calculations in both the existing and modified 
structure were based on the engineering cost function, the cost savings 
on an aggregate basis in a modified structure would have been greater. 
For exaiiiple, iii a facility cf 297,000 bushel stores'" rapacity. Lue cost 
would be over 14 cents per bushel compared with 10 cents per bushel in an 
elevator three times that size. This suggests a cost reduction of 4 cents 
per bushel, whereas the statistical cost function indicates a 1.8 cents 
per bushel savings by going from an average size facility to one three 
times as large. 
If the opportunity costs of capital invested in facilities currently 
was considered, it appears that the savings represented by the engineeri'^g 
cost function are the relevant ones for comparison. As old facilities 
are replaced and capacity is expanded to meet demand, attainmenL of cost 
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sav ings  i n  the  fu tu re  a r e  de f in i t e ly  poss ib l e  w i th  l a rge r  e l eva to r s .  
Ex i s t i ng  e l eva to r s  cou ld  have  lower  cos t s  t han  new f ac i l i t i e s  because  
t hey  were  acqu i r ed  w i th  lower  i n i t i a l  cap i t a l  ou t l ays  o r  because  c ap i t a l  
cos ts  have  l a rge ly  been  dep rec i a t ed .  Howeve r ,  r ep l acemen t  and  expans ion  
w i th  new e l eva to r s  o f  t he  p re sen t  sma l l  ave rage  s i ze  r a the r  t han  w i th  
l a rge r  e l eva to r s  wou ld  r e su l t  i n  i nc reased  cos t s .  
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CHAPTER VII. PROJECTED 1980 ELEVATOR STRUCTURE 
Factors Influencing Elevator Requirements 
Projections of grain sales in 1980 developed in Chapter 3 indicate 
a 79 percent increase in total grain marketings over the 1967-1969 
period. Total grain sales In 1980 are projected at 1,170 million 
bushels. In addition to the overall increase in grain marketings, the 
projections indicate almost a 150 percent increase in fall grain move­
ments. Thus, elevator capacity must be geared to receiving a larger 
volume in a shorter period of time. 
The need for elevator storage capacity was examined in each district, 
based on various factors. The amount of storage space required depends 
on the level of carryover stocks in the elevators at the beginning of the 
new crop year, the fall receipts of grain from the new crop, the amount 
of grain shipped out of the elevators during the fall, and the amount 
of the total elevator capacity devoted to storage. Historical data re­
garding each of these factors was analyzed to provide guidelines for 
future requirements. The following equation expresses these relationships: 
Elevator storage _ (Carryover stock)+(Fall receipts)-(Fall out shipments) 
requirement Share of elevators space utilized tor storage 
Projected 1980 Factors 
The carryover stocks in each district at the beginning of the new 
crop year for 1968, 1969 and 1970 were examined. Soybean stocks in Iowa 
as of September 1 ranged from 32.7 million bushels to 78.5 million 
bushels during these years. Tliese stocks represented an average of 36 
percent of the previous year's sales over the period. It appeared that 
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the stocks of soybeans carried over during this period were rather high 
and would probably not be representative of the 1980 situation. Based on 
consultations with grain marketing economists, it was assumed that 1980 
stocks in each district would be one-third of the historical level in 
1980. On a state-wide basis, the stocks as a percent of soybean sales 
were adjusted to 12 percent, or about a six week's supply. It was 
further assumed that the adjusted level of stocks in any area would not 
exceed 12 percent. 
An examination of corn stocks as of October 1 of 1968, 1969, and 
1970 revealed that carryover stocks of corn ranged from 65.4 to 86.1 
million bushels. Carryover stocks of corn represented 16.6 percent of 
the corn sales over the three years. For each district it was assumed 
that the same level of carryover would be experienced in 1980 as the three 
years examined. Table 39 presents information on corn and soybeans 
carryover stocks and the 1980 assumptions utilized by district. 
The fall grain movements of corn were projected in Chapter 3 and 
were utilized in the computations. The share ot the tall receipts wtaL 
were shipped from the elevators were examined by district for the 1968 
and 1969 crop years, the only years for which data was available. The 
average share shipped for the two years is presented in Table 40. It 
was assumed that the share shipped in 1980 would be equal to ninety per­
cent of the historical average in each district, with a minimum of 40 
percent shipped in any district. The lower shipping rate reflects the 
possibility of transportation facilities not being fully capable of 
handling the increased grain flow, plus the desirability of retaining 
more grain in elevators to earn increased storage revenues. 
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Table 39. Historical average levels of carryover stocks of corn and 
soybeans as a share of sales of corn and soybeans and pro-
jected 1980 levels as a share of sales 
Corn Soybeans 
1967-1969 Projected 1967-1969 Projected 
District Average 1980 Average 1980 
1 .123 .123 .321 .107 
2 .142 .142 .300 .100 
3 .094 .094 .295 .098 
4 .230 .230 .495 .120 
5 .231 .231 .502 .120 
6 .124 .124 .234 .078 
7 .222 .222 .421 .120 
8 .134 .134 .269 .090 
9 .122 .122 .190 .063 
^1967-1969 average computed by adding October 1 carryover stocks 
of corn and dividing by the sum of the corn sales for the 3 crop years; 
1980 projected assumed same as historical average, 
^1967-1969 average computed by adding September 1 carryover stocks 
of corn and dividing by the sum of the soybean sales for the 3 crop 
years; 1980 projected assumed to be one-third of 1967-1969 average 
with a maximum of .12. 
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Table 40. Historical and 1980 projected fall shipment rates and storage 
utilization rates by district 
Fall shipment rate^ Storage utilization rate^ 
1968-1969 Projected 1969-1971 Projected 
District Average 1980 Average 1980 
1 .454 .409 .62 .70 
2 .508 .457 .67 .75 
3 .612 .551 .68 .76 
4 .356 .400 .61 .68 
5 .414 .400 .67 .76 
6 .624 .562 .47 .60 
7 .413 .400 .59 .66 
8 .590 .531 .71 .80 
9 .549 .494 .67 .76 
^Projected 1980 shipment rate assumed to be equivalent to .90 times 
the average rate with a minimum of .4. 
^1969-1971 storage utilization is ratio of grain stocks in all 
elevators to capacity of all elevators, 1980 projected assumed to be 
ratio of average district rate to historical rate in district 8 times 
,80 with a minimum of .60. 
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Elevators must devote some of their capacity to merchandising and 
other activities. The ratio of the grain stored in the elevator to the 
elevator storage capacity was defined as the utilization rate. The 1980 
storage utilization rate in each district was computed by the following 
method. The average storage utilization rate as of January 1, 1969, 1970, 
and 1971 was computed for each district. It was assumed that the utiliza­
tion rate in each district would be equal to the district's average 
storage utilization rate divided by .71 times .80, The storage utiliza­
tion rate of ,71 was the highest storage utilization rate experienced. 
It was further assumed that the minimum utilization rate would be .60. 
For example, in district one the historical average rate was .62 result­
ing in a projected rate of .70 obtained by dividing .62 by .71 and 
multiplying by .80. In other words, 70 percent of the elevators capacity 
was utilized for storage. Tue historical information on storage utiliza­
tion and the 1980 projected utilization are shown in Table 40. 
Results of the Analysis 
The total storage requirements by area were determined by adding 
the carryover stocks to the fall receipts, less fall shipments and 
dividing by the storage utilization. Th; average turnover rate for each 
area was computed by dividing the total grain sales by the storage re­
quirement. Total Iowa storage needs in 1980 were projected at 735.8 
million bushels, an increase of 70 percent over the 1970 total capacity 
of 432.5 million bushels. The projected percentage increase in storage 
capacity by district ranged from 46 percent to 142 percent, as shovm in 
Table 41. 
lab It! 41. Projected 
over rate 
1980 stock;; 
by districi: 
and stcrage requirements, 
an d low a. 
change in storage requirements , and turn-
Dis tr ic t 
Carryover 
Corn 
stocks 
Beans 
New crop 
stccks 
(thouE,bus.) 
Total 
stocks 
Storage 
requirement 
1980 
Percent^ 
increase 
over 1970 
Turnover 
rate^ 
L 13,347 4,239 54,744 72,330 103,330 64 1.5 
2 19,934 4,480 54,6(34 79,078 105,438 72 1.8 
3 6,976 1,438 24,939 33,353 43,885 142 2.2 
4 24,287 4,374 51,444 80,105 117,801 49 1.3 
5 35,890 5,853 68,733 110,478 145,366 46 1.5 
Ô 12,073 1,828 32,706 46,607 77,679 127 1.7 
7 13,287 2,916 29,D99 45,302 68,639 87 1.3 
8 4,242 1,143 13,995 19,380 24,227 63 2.0 
9 8,428 1,249 28,226 37,903 49,873 92 1.9 
IOWA 138,464 27,522 358,550 524,536 735,803 70 1.6 
^Percent change from December, 1970 capacity of all elevators. 
^Ratio of total grain sales to stcrage capacity. 
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To estimate the optimum elevator size in each district, the average 
marketing density and average turnover rate were considered. The en­
gineering cost model and the assembly cost model previously developed 
were utilized to determine costs in each district for elevators serving 
alternative size trade areas. The size of facility and associated trade 
area size that achieved most of the economies of scale varied with each 
district. As noted earlier, as the turnover rate is increased, the 
economies of scale are achieved in a smaller-sized elevator. Also, as 
the marketing density increases, the size of trade area required to 
attain a volume to capture the economies of scale decreases. 
Grain marketing costs for each crop reporting district with its 
associated grain marketing density and elevator turnover rate for al­
ternative size trade areas are presented in Table 42. For example, in 
district one, the average combined costs of grain marketing are 15.2 
cents per bushel for an elevator serving an area within 5 miles and an 
associated volume of 1,159,990 bushels. If the trade area is extended 
to 10 miles, the volume increases to 4,639,994 bushels and the combined 
costs drop to 12.2 cents per bushel. 
An optimum size trade area would be the one in which the combined 
costs are at an minimum point. However, in each district the combined 
cost function did not increase even up to a trade area that served out 
to 28 miles from the elevator. The costs dropped rapidly as the size 
increased up to 6 to 8 miles; thereafter, the costs decreased less 
rapidly and after 11 to 14 miles, they dropped only slightly. Thus, it 
was assumed that the relevant criteria was the selection of a trade area 
and associated facility size that captured most of the economies of scale. 
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Table 42. Elevator in-plant costs, assembly costs and combined costs 
by district under projected 1980 turnover rate and grain 
marketing density 
Elevator Average cost per bushel 
Miles from volume Assembly In-plant Combined 
elevator (bus.) (dollars) 
District 1 : 
5 1,159,999 .031 .122 .152 
6 1,670,398 .032 .111 .143 
7 2,273,597 .033 .103 .136 
8 2,969,596 .034 .097 .130 
9 3,758,395 .034 .091 .126 
10 4,639,994 .035 .087 .122 
11 5,614,393 .036 .083 .119 
12 6,681.592 .037 .080 .117 
13 7,841,591 .038 .076 .114 
14 9,094,390 .039 .074 .113 
15 10,439,980 .040 .071 .111 
District 2: 
5 1,584,999 .031 .101 .132 
6 2,282,398 .032 .093 .125 
7 3,106,597 .033 .086 .119 
8 4,057,596 .034 .081 .114 
9 5,135,395 .034 .076 .111 
1 n 5 33 9 uu/, . 03 S • 072 1 no • AUO 
11 7^671,'393 .036 .069 .105 
12 9,129,592 .037 .066 .103 
13 10,714,590 .038 .064 .102 
14 12.426,390 .039 .061 .100 
15 14,264,980 .040 .059 .099 
District 3: 
5 730,000 .051 . 113 . 144 
6 1,051,200 .032 .104 .135 
7 1,430,800 .033 .096 .129 
8 1,868,800 .034 .090 .123 
9 2,365,200 .034 .085 .119 
10 2,920,000 .035 .081 .116 
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Table 42 (contd) 
Miles from 
elevator 
Elevator 
volume 
(bus.) 
Average cost per bushel 
Assembly In-plant 
(dollars) 
Combined 
11 
12 
13 
14 
15 
District 3 (contd): 
3,533,200 
4,204,800 
4,934,800 
5,723,200 
6,570,000 
.036 
.037 
.038 
.039 
.040 
.077 
.074 
.071 
.068 
.066 
.113 
.111  
.109 
.107 
.106 
District 4: 
5 1,025,000 .031 ,136 .167 
Ô 1,476,000 = 032 .125 .156 
7 2,009,000 .033 .116 .148 
8 2,624,000 .034 .108 .142 
9 3,321,000 .034 .102 .137 
10 4,100,000 .035 .097 .133 
11 4,961,000 .036 .093 .129 
12 5,904,000 .037 .089 .126 
13 6,929,000 .038 .086 .124 
14 8,036,000 .039 .083 .122 
15 9,225,000 .040 .080 .120 
District 5: 
5 1,584,999 .031 .113 .144 
6 2,282,398 .032 .103 .135 
7 3,106,597 .033 .096 .128 
O 4,057,596 .034 .090 .123 
9 5,135,395 .034 .085 .119 
10 6,339,994 .035 .081 .116 
11 7,671,393 .036 .077 .113 
12 9,129,592 .037 .074 .111 
13 10,714,590 A O  O  . 071 .109 
14 12,426,390 .039 .068 .107 
15 14,264,980 .040 .066 .106 
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Table 42 (contd) 
Elevator Average cost per bushel 
Miles from volume Assembly In-plant Combined 
elevator (bus.) (dollars) 
District 6: 
5 1,059,999 .031 .120 .151 
6 1,526,398 .032 .110 .141 
7 2,077,597 .033 .102 .134 
8 2,713,596 .034 .095 .129 
9 3,434,395 .034 .090 .125 
10 4,239,994 .035 .086 .121 
11 5,130,393 .036 .082 .118 
12 6,105,592 .037 .078 .115 
13 7,165,591 .038 .075 .113 
14 8,310,390 .039 .073 .112 
15 9,539,989 .040 .070 .110 
District 7: 
5 894,999 .031 .141 .172 
6 1,288,799 .032 .129 .161 
7 1,754,198 .033 .120 .152 
8 2,291,197 .034 ,112 .146 
9 2,899,796 .034 .106 .140 
1  n  3  579  QyS 
.035 101  .136 
11 4,331,794 .036 .096 .132 
12 5,155,193 .037 .092 .129 
13 6,050,192 .038 .089 .127 
14 7,016,791 .039 .085 .124 
15 8,054,990 .040 .083 . 122 
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Table 42 (contd) 
Miles from 
elevator 
Elevator 
volume 
(bus.) 
Average cost per bushel 
Assembly In-plant Combined 
(dollars) 
District 8: 
5 435,000 .031 .132 .163 
6 626,400 .032 .121 .152 
7 852,599 .033 .112 .144 
8 1,113,599 .034 .105 .138 
9 1,409,398 .034 .099 .133 
10 1,739,997 .035 .094 .129 
11 2,105,396 .036 .089 .126 
12 2,505,595 .037 .086 .123 
13 2,940,594 .038 .082 .120 
14 3,410,393 .039 .079 .118 
15 3,914,992 .040 .077 .117 
District 9: 
5 869,999 .031 .117 .148 
6 1,252,799 .032 .107 .139 
7 1 inq 1OQ ^ y t w _/  ^  ^^  w . 033 . 1 on . 132 
8 2,227,195 .034 .093 .127 
9 2,818,796 .034 .088 .123 
10 3,479,995 .035 .084 .119 
11 4,210.794 .036 .080 .116 
12 5,011,193 .037 .077 .114 
13 5,881,192 .038 .074 .112 
14 6,820,791 .039 .071 .110 
15 6,820,791 .039 .071 .110 
155 
The size of trade area beyond which the combined costs did not decrease 
at least .3 cents per bushel, by increasing the size of the trade area 
another mile, was assumed to be the size that would achieve most of the 
economies. 
The size of trade area that achieved most of the economies of scale 
ranged from 11 to 13 miles from the plant in nine districts. The 
storage capacity of the elevator was determined by dividing the grain 
marketing volume by the elevator turnover rate estimated for each 
district. For example, in district one, the volume of grain assumed to 
capture the economies was 5,614,393 bushels in a trade area extending 11 
miles from the elevator. This would require an elevator of about 
3,743,000 bushels storage capacity at a 1.5 turnover. The miles from 
the elevator in a trade area that achieves most of the economies, number 
of elevators required to handle the projected 1980 grain sales, and the 
storage capacity of the elevators are shown by district in Table 43. 
It was estimated that 210 elevators in Iowa of an average storage 
capacity of 3.5 million bushels would achieve mosc o£ Lue euunOmies. 
This compares with almost 1,200 elevators in Iowa currently with an 
average capacity o£ only 432 thousand bushels. It should be recognized 
that these are generalized estimates for crop reporting districts and 
that the different factors estimated would vary within the districts. 
Thus, all elevators and trade areas would not be of the same size in 
each district. 
While the average size of elevator hypothesized for each area is far 
in excess of the current average size, there are number of elevators of 
this size being operated in Iowa currently. The estimated number and 
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Table 43. Projected trade area size, number of elevators, and average 
storage capacity to achieve most of the economies of scale 
in grain marketing by district 
Storage capacity 
Miles from Number of per elevator 
District elevator elevators (000 bushels) 
1 11 28 3,743 
2 11 25 4,262 
3 11 27 1,606 
4 12 26 4,542 
5 11 28 5,114 
6 12 21 3,592 
7 12 17 3,965 
8 13 16 1,471 
9 II 22 2,216 
IOWA 210 3,503 
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size of elevators by district are guidelines which indicate possible costs 
savings by increasing elevator and trade area size by 1980. The de­
termination of the number and size of facilities in a specific geographic 
area within a district would require further intensive investigation, 
considering not only the factors of marketing density, turnover rate, 
and so forth, but including as well an examination of transportation 
facilities for shipments of grain out of an area. The current avail­
ability and likely future availability of grain transportation services 
in a specific location are particularly important to an elevator that 
ships grain out of the local area. 
It appears that substantial cost reductions in grain marketing are 
possible, if the current industry structure is adjusted to a more optimum 
structure between now and 1980. The continued proliferation of many 
small elevators located close together represents a costly alternative 
to a structure designed to achieve the economies inherent in a modern 
grain marketing system incorporating the latest technology. An examina­
tion of capacity expansion aicerna-Lives lui au individual elevator is 
presented in the next chapter. 
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CHAPTER VIII. OPTIMUM ELEVATOR EXPANSION PLANNING 
General Theory of Capacity Expansion 
The problem of meeting increasing demands for products and/or services 
of an individual firm or industry has received the attention of engineers 
and economists for many years (5; 41; 52; 55; 68). Various terms have 
been used to describe the concepts involved in the process of evaluating 
adding capacity to meet projected demands, such as "economic-package," 
"time-phasing of investment," "intertemporal investment decision," and 
so forth. 
In the various models, time plays an essential role. Costs incurred 
at specific points in time influence subsequent costs. To make valid 
comparisons between expenditures at various times, the discounted cash 
flow or present value criterion is often used. 
The rate of increase in demand can be hypothesized to be growing in 
various ways. Two ways are as an arithmetic rate of growth (e.g., so 
many units per year) or a geometric rate of growth (e.g., "x" percent 
per year). Regardless of how the growth in demand is postulated, it tends 
to be continuous over time, whereas capacity addition generally occurs in 
discrete steps. Consider the following graphic example. The straight line 
from the origin depicts the time path of demand growth and the dotted line 
the cumulative installed capacity. The installed capacity increases at 
a specific, discrete size in a "step" like fashion, in Figure 15. 
Assuming that additional capacity is installed when current demand 
equals existing capacity, the firm experiences excess capacity in each 
new addition. This excess declines to zero as demand growth continues. 
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The goal is to select the size and frequency of addition that maxi­
mizes profits, within the objectives of the firm. Assuming that the 
firm's revenue is constant per unit of output, the plan that minimizes 
cost will maximize profits. The expansion in capacity could occur in any 
manner ranging from initially building the plant size to accommodate the 
maximum capacity needed over the time horizon, to building the smallest 
plant size initially, with additions frequently over time to meet the 
demand. 
Building the largest plant immediately results in considerable ex­
cess over capacity, while building the smaller units sometimes entails 
higher initial costs per unit of capacity and/or "start-up" costs. 
Economies of scale play an important role in determining capacity ex­
pansion over time. Investment costs frequently exhibit economies of scale; 
thus, investment cost per unit of output tends to decrease as plant 
capacity increases. Economies of scale may exist in operating costs for 
facilities because of increased mechanization, lower utility cost per 
unit of output, increased labor efficiency, or other fcicLuta. IT economics 
of scale exist, this tends to favor installation of larger capacity in­
itially. 
The problem becomes one of balancing the lower output costs resulting 
from economies of scale and higher interest costs incurred for building 
larger plants, against the higher output costs and lower interest costs 
incurred for smaller additions over the time horizon. Thus, it becomes 
necessary to compare expenditures in varying time periods. The method 
generally employed is to discount these costs to a present equivalent 
value and select the plan that results in minimum present cost to the firm. 
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If the discount (interest) rate was zero and positive economies of 
scale were present, the favored plan would be to build now the plant 
capable of handling the demand at the end of the planning period. How­
ever, as the discount rate increases, smaller, more frequent capacity 
additions are favored. If there were not economies ol scale and a zero 
discount rate, the firm would be indifferent to expansion sizing. 
Elevator Expansion Planning Model 
The projected increase in grain marketings and associated demand 
for storage facilities indicates that many elevators will be faced with 
decisions on the rate of expansion and size of expansion. While it may 
be desirable from an overall industry cost standpoint to plan capacity 
expansion jointly, it is generally an individual firm decision. Thus, 
the firm is faced with the decision of capacity expansion planning. 
Since economies of scale do exist in elevator operations as shown 
in the long-run average cost curve developed in Chapter V and most firms 
have a limited supply of capital available at a price or opportunity 
cost greater than zero, the method of expansion is important in minimizing 
cost. A model was developed which identifies some relevant parameters 
and presents a systematic method to determine the optimum size of ele­
vator additions over time, giving an increasing demand for grain storage 
services. 
The cost model utilized in the analysis was the engineering simula­
tion model developed in Chapter V . A turnover rate of 1.5 was assumed 
as the maximum rate of utilization at which a plant would be operated 
before an addition was made. The models ranged in size from 350 thousand 
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bushel storage capacity to 4 million bushel storage capacity. The engi­
neering model started with a basic unit of 350 thousand bushels and added 
increments of capacity, which included appropriate equipment to make it 
part of a balanced, harmonized plant. Since a 150 thousand bushel unit 
was added after the 350 thousand bushel basic unit, a starting size of a 
half million bushels or larger was used in the analysis. 
The total investment costs for plant and equipment were assumed the 
same as in the previous model, but costs of land and railroad siding 
were not included. A plant life of 40 years was assumed and the maximum 
period included in the analysis was 40 years. An annual charge of 3.1 
percent on the value of plant and equipment in operation was assumed for 
property taxes and insurance,. 
The variable costs for each respective model plant was the same as 
in the prior model. However, these costs were computed in relation to 
the level of plant utilization as measured by the turnover rate. When 
the turnover rate was less than the assumed "full capacity" rate of 1.5, 
the variable operating costs were adjusted downward uy Lhe édcie procedure 
utilized in estimating costs at lower turnover rates. 
Table 44 shows the cost of adding elevator capacity in multiples of 
% million, 1 million, 2 million or one initial installation of 4 million 
bushels. The additions are referred to as Plan 1, Plan 2, Plan 3, or 
Plan 4. Once a size was selected, the same size was used for expansion 
throughout the time period. 
In addition to the incremental investment cost, a cost for con­
structing the units at later dates was assessed. This was obtained from 
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Table 44. Investment costs for plant and equipment in elevators built 
in selected capacity increments 
Plan 1 Plan 2 Plan 3 Plan 4 
Adding h Adding 1 Adding 2 Adding 4 
Increment mil. bus. mil. bus. mil, bus. mil. bus. 
number increments increments increments all 
(dollars) 
1 583,200 901,802 1,638,674 2,994,470 
2 318,602 736,873 1,355,795 
3 350,698 685,488 
4 386,174 670,388 
5 330,574 
6 354,834 
7 315,816 
8 354,571 
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the same source as the data used in the original model.^ This "start-up" 
cost was $22,500 for each % million bushel unit, $30,000 for each 1 
million bushel unit, and $37,500 for each 2 million bushel unit. Since 
the 4 million bushel elevator would be constructed at one time, a 
start-up cost was not included. 
The arithmetic growth in demand was assumed, varying from 125,000 
bushels per year to 1 million bushels per year. The demand was assumed 
to level off at 6 million bushels, once this was obtained. Six million 
bushels requires a 4 million bushel storage capacity with a 1.5 turnover 
rate. Figure 2 depicts selected growth rates in demand used in this 
study. 
Since elevator construction costs, equipment costs, and plant operat­
ing costs are subject to inflation, this tends to favor the building of 
facilities now rather than at a later date. Indications are that ele­
vator construction costs rose 5-7% per year over the last few years (13). 
The model, therefore, incorporated a factor for inflation in both invest­
ment QVtiLti anu Operating costs. 
Since expenditures are at different points in time, n. discount (or 
interest) rate must be selected to make relevant comparisons. This rate 
can be viewed as an "opportunity cost" rate; i.e., what the money invested 
in this particular project could earn in its next best alternative invest­
ment. Another viewpoint of this interest rate would be that of "required 
rate-of-return." This rate of return could be the overall rate of return 
or composite rate required with varying proportion of debt and equity 
^Personal communication. James D, Wllcoxson, Borton Construction 
Company, Hutchinson, Kansas, 1971. 
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financing. For example, if 50% of the funds were obtained through debt 
financing at 8% interest and the firm desired a 10% rate of return on 
its equity capital comprising the balance, the composite rate required 
would be 9%. 
The model was limited to a 40-year period. Thus, an addition in­
stalled in the later part of the period would have a life longer than 
the period analyzed, but it's total investment cost would be discounted 
to the present value. The fact that this plant could be operated after 
the end of the 40-year period would tend to raise the present value of 
costs more than might be appropriate. However, the discount factor for 
the later periods is quite high; a dollar received 30 years in the future 
has a present value of only 5.73f at a 10 percent discount rate. 
Whenever plant capacity was reached, a new addition was built to be 
ready for the next year's growth. Thus, when the plant costs were dis­
counted for a year N, the investment costs of the new addition were dis­
counted for year N - 1. The following flow chart approximates the com­
puter program written for che model. The 4 respective plana wcjlc aaalyzaJ 
given the various assumptions regarding discount rate, inflation race, 
àuu growth in demand as depicted in Figure 16. 
Results of the Model 
The expansion plan that resulted in minimum present value of costs 
incurred over the 40-year period varied depending on the assumptions. 
The results obtained with a discount rate of 10 percent, 1 percent in­
flation and a growth in demand of 125,000 bushels per year are shown in 
Table 45. 
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pansion cost model 
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Table 45. Present value of costs of alternative investment plans with one 
percent inflation, 125,000 bushels growth in demand per year 
and a 10% discount rate and a 15% discount rate 
^ Operating Tax-ins. Investment 
Plan costs costs costs Total cost 
10% discount rate 
(dollars) 
1 286,384 330,555 1,149,820 1,766,758 
2 277,863 383,381 1,321,515 1,982,758 
3 276,198 545,732 1,836,463 2,658,393 
4 292,168 916,859 3,024,412 4,233,439 
15% discount rate 
(dollars) 
1 150,628 184,798 908,299 1,243,724 
2 144,288 227,372 1,114,515 1,486,175 
3 144,187 352,291 1,717,478 2,213,955 
4 13/,729 022,713 o o n /  o c /  y  Wf J W-T 
^Flan 1 = expand at rate of one-half million bushels each time; 
Plan 2 = expand at rate of one-half million bushels each time; 
Plan 3 = expand at rate of one-half million bushels each time; 
Plan 4 = build 4 million bushel elevator initially. 
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Under these assumptions, Plan 1 with a total present value of all 
costs of $1,766,758 would minimize cost. Plan 2 has a total cost that 
is higher by over $200,000. The cost of Plan 3 is over 50 percent 
greater than Plan 1, while the cost of Plan 4 is over 140 percent greater. 
Operating costs are lowest in Plan 3; however, the variability between 
expansion plans in this component is less than any of the other cost 
components. The investment component accounts for most of the total cost. 
If the discount rate is raised to 15%, the investment in smaller 
increments of capacity is favored more than with the 10% discount rate. 
The "build at once," Plan 4, now costs over three times as much as Plan 1 
of adding k million bushel units as demand grows. A 15% discount rate 
is approximately the rate required under a 5-year payback criterion that 
is frequently used as a rule of thumb. 
The effect of changes in the projected demand growth of the firm is 
shown in Figure 17. With an annual inflation rate of 1% and a discount 
rate of 10%, the present value of costs for each plan are graphed in 
relation to changes in ucm^iiu gtuv/Ln. nxLn uciùà'ùu ^îtowuû up to ubouc 
300,000 bushels per year, Plan 1 results in minimum present value of costs. 
The range in demand growth from 300,000 to about 960,000 bushels per year 
favors Plan 2, adding capacity in one million bushel increments. Plan 3 
results in minimum costs when demand is in excess of about 960,000 
bushels per year. 
With greater annual increases in demand, the larger capacity 
additions are favored and the frequency of expansion is increased. With 
growth ratôs of over ^ million bushels per year. Plan 1 would not be able 
to meet the demand, if only 1 addition were built each year. A firm 
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Figure 17. Present equivalent costs of 4 expansion plans with 
varying growth rates in demand, 1% inflation per year 
and a 10% interest rate 
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would not  build two % million bushel additions in the same year If it 
could build one 1 million bushel plant at a lower cost. 
If the inflation rate increases, the selection of larger units of 
capacity addition is favored. For example, with an inflation rate of 
5% per year, the Plan 1 option is favored at demand growth of less 
than 200,000 bushels per year. With a 1% inflation and a growth rate 
up to 300,000 bushels per year, this plan was favored. With 5% infla­
tion, Plans 2 and 3 become the least cost alternative at lower ranges 
of growth rates in demand than under the 1% inflation. Figure 18 shows 
the present value of costs for each plan with a 5% inflation and varying 
growth rates in demand. As growth rates increase, Plan 1 becomes the 
higher cost alternative, even more costly than Plan 4 after a growth 
rate of % million bushels is exceeded. With a YL inflation as shown in 
Figure 17, Plan 4 was the highest cost alternative throughout the range 
considered. 
Both graphs show that in a range around the points of intersection 
cf the curvcc for two plans, variation in cost nerremsAs. As the 
intersection point is approached, costs become less sensitive to the 
plan selected. Conversely, with movement away from the point of inter­
section, cost differences between the plans increase. 
In order to show the effect of both changes in the growth rate and 
the rate of inflation. Figure 19 was developed. The horizontal axis re­
presents the growth rate in demand in terms of thousands of bushels per 
year, while the vertical axis represents the annual inflation rate in 
nercftnr. This assumes an interest rate of 10%. The points where two 
particular plans have equal minimum costs are plotted for each inflation 
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Figure 18. Present equivalent costs of 4 expansion plans with vary­
ing growth rates in demand, 5% inflation per year and 
a 10% interest rate 
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Demand growth (100,000 bushels per year) 
Figure 19, Minimum present equivalent cost plaa with vary­
ing inflation rates per year and varying growth 
rate in demand 
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rate. 
The line connecting points of equal minimum costs between two alter­
natives represent an "isocost line" between the two plans. At any point 
on the line, the choice between either Plan 1 or Plan 2 would result in 
an equal present value of cost. The closer to the isocost line the point 
lies, the less difference there is between costs of the two plans. The 
area to the left and below the first line encompasses the combination of 
growth rate and inflation rates at which Plan 1 is least cost. In the 
area between the first and second line. Plan 2 is the least cost alter­
native, and similarly, the relevant areas for the other plans are de­
lineated. 
With the lower growth rates, Plan 1 is favored. Plan 2 is favored 
over a wide range of growth rates with lower inflation rates, but as in­
flation rates rise, its range narrows. At higher inflation rates, Plan 3 
is favored over a larger range of growth rates. Plan 4 is favored only 
after inflation rates exceed 11 percent. At any given inflation rate, 
the faster dc-~r.d grcwc the =cr= favorable are the larger vntrs nf  
addition. With any selected growth rate, the greater the inflation rate, 
the- more favored plans are for larger units of capacity. 
VJhen the interest rate is increased, it has the effect of shifting 
the isocost curves upward and to the right, increasing the area in which 
smaller capacity additions are least cost. Conversely, a decrease in 
the interest rate has the effect of shifting the isocost lines downward 
and to the left. Thus, expansion in larger units is favored at lower 
interest rates. The present equivalent value of costs under the alter­
native assumptions are shown in Appendix Û, Table bb. 
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CHAPTER IX. SUMMARY 
The current structure of the Iowa elevator industry consists of 
many firms serving a trade area that usually extends only 5 to 7 miles 
from the elevator. There are 1,178 elevators in Iowa with an average 
storage capacity of 432,491 bushels. Over half the elevators are under 
300 thousand bushels storage capacity, accounting for only 21 percent 
of the total storage capacity. Thus the smaller elevators, although 
numerous, account for a relatively small proportion of the total in­
dustry storage capacity. 
A statistical cost function based on data from over 150 cooperative 
elevators indicates that significant economies of scale exist in ele­
vator operations. This cost function indicates that a 300,000 bushel 
elevator would experience an average cost of 9.7 cents per bushel of 
grain handled, compared with a cost of 7.9 cents in an elevator of 600,000 
bushel storage capacity. Since the statistical cost function is from 
accounting data reflecting historical investment costs and interest 
rates, the costs obtained tend to be conservative. 
An engineering costs function was developed chat incorporated the 
current level of investment and operating costs of new elevator 
facilities. This function would indicate a cost of 14 cents per bushel 
in a 300,000 bushel size facility, compared with a cost of 8% cents per 
bushel in a facility of 2 million bushels storage capacity. Cost de­
creased as size of elevators increased past this point, but at a slower 
rate. 
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It appears that if the current industry structure consisted of 
fewer and larger elevators, the overall cost of grain marketing in Iowa 
would be reduced. The magnitude of the costs savings could well be 
within a range of 1 to 4 cents per bushel, depending on the average 
size of the elevators in the modified structure. 
Projections of Iowa's agricultural production and associated demand 
for grain handling services indicate a substantial capacity expansion 
will be required. Grain marketings are projected to increase about 80 
percent over recent levels, totaling almost 1.2 billion bushels in 1980. 
In addition, grain receipts at elevators will tend to concentrate in 
the fall harvest period, with a projected 150 percent increase in fall 
grain movements. Thus, not only will elevators have to expand storage 
capacity, but the elevator must be designed to receive, condition and 
store a larger volume in a shorter period of time. 
With the projected 1980 grain movements, an elevator structure with 
considerably fewer elevators of a much larger size than currently 
would result in subsLanuial cuaL baviu&a. Most of the arc 
achieved in a trade area that extends 11 to 12 miles from the elevator 
in the nine crop reporting districts analyzed; Under this criteria, a 
total of 210 elevators of an average storage capacity of 3k million bushels 
would be required in Iowa in 1980. 
Variations exist in grain marketing density and elevator turnover 
rates by district. Thus, the estimated average elevator sizes to achieve 
the economies range from about Ik  million bushels to over 5 million 
bushels of storage capacity. V/hile the estimated number and size of 
facilities were estimated for each district, this size of elevator and 
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associated trade area would not necessarily be relevant throughout the 
area. Such factors as total grain sales, seasonal distribution of sales, 
and elevator turnover rates vary within districts and must be considered 
in determining the number, size, and specific location within a district. 
The number and size of facilities in a particular geographic area 
within a district should be determined by considering the factors in­
cluded in this analysis, and a detailed examination of transportation 
facilities available currently and expected in the future in that area. 
It should be recognized that the projections made in this analysis 
are predicated on specific assumptions regarding various factors and 
that a careful examination of these assumptions is warranted before any 
of the results are applied to a specific geographic area. 
Further examination of the multi-product aspects of elevator opera­
tions appear desirable to ascertain the size of facility and trade area 
that would efficiently provide not only elevator services, but feed, 
fertilizer and other farm supplies as well. This study has not attempted 
to ascertain possiDie economies in the shipmeiiL ol grctin Iium Luc clcvatcr 
for export or processing. Thus, a further modification of the model 
would be the incorporation of an outbound grain shipment cost function. 
This study will hopefully provide some generalized guidelines for 
future Adjustment of the elevator industry in Iowa that could result in 
substantial cost savings over time. 
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APPENDIX A: CROP AND LIVESTOCK PRODUCTION INFORMATION BY 
DISTRICT 1960-1969 
46. 
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1 7 9 3 8 .  
0 . 1 7 2 8  
2 4 5 2 2 .  
0 . 1 4 5 0  
2 5 5 5 1 .  
0 . 1 5 1 1  
1 7 7 9 3 .  1 8 6 2 6 .  
0 . 1 2 7 9  0 . 1 3 3 9  
1 6 7 9 1 .  
0 . 1 3 2 3  
1 6 2 5 8 .  
0 . 1 3 2 8  
1 3 7 9 9 .  
0 . 1 2 4 8  
1 1 8 4 3 .  
0 . 1 1 5 3  
1 2 9 8 4 .  
0 . 1 2 5 1  
1 8 1 0 0 .  1 2 0 0 7 .  
0 . 1 6 1 1 8  0 .  1 2 0 6  
1 7 2 6 3 .  
0 . 1 3 6 1  
1 6 3 7 3 .  
0 . 1 3 3 7  
1 4 1 0 1 .  
0 . 1 2 7 5  
1 2 1 9 6 .  
0 .  1 1 8 7  
1 2 4 4 0 .  
0 .  1 1 9 8  
1 1 7 7 5 .  
0.1182 
20662 .  
0 . 1 9 7 6  
1 5 9 5 3 .  
0 . 1 7 2 1  
1 2 1 6 6 .  1 2 5 3 3 .  
0 . 1 1 6 4  0 . 1 1 9 9  
1 2 0 5 6 .  
0 . 1 3 0 0  
9 6 5 0 .  
0 . 1 0 4 1  
1 8 8 5 6 .  
0 .  1 1 1 5  
1 9 7 1 5 .  
0 . 1 4 1 7  
1 6 5 8 9 .  
D . 1 3 0 7  
1 7 3 2 6 .  
0 . 1 4 1 5  
1 6 3 6 8 .  
0 . 1 4 8 0  
1 5 7 4 1 .  
0 . 1 5 3 3  
1 4 9 6 3 .  
0 . 1 4 4 1  
1 4 8 1 6 .  
0 . 1 4 8 8  
1 6 1 9 1 .  
0 . 1 5 4 9  
1 3 6 6 5 .  
0 . 1 4 7 4  
1 0 2 2 4 ,  
0 . 0 6 0 5  
7 0 3 5 .  
0 . 0 5 0 6  
6 3 3 9 ,  
0 . 0 5 0 0  
6 5 9 3 ,  
0 . 0 5 3 9  
4 8 3 7 ,  
0 . 0 4 3 7  
4 5 5 3 .  
0 . 0 4 4 3  
5 2 0 8 ,  
0 . 0 5 0 2  
5 5 1 5 ,  
0 . 0 5 5 4  
5 5 6 1 .  
0 . 0 5 3 2  
4 9 5 8 ,  
0 . 0 5 3 5  
6 9 7 3 .  
0 . 0 4 1 2  
5 7 4 8 .  
0 . 0 4 1 3  
4 6 6 0 .  
0 . 0 3 6 7  
6022.  
0 . 0 4 9 2  
5 0 2 3 .  
0 . 0 4 5 4  
4 4 1 9 .  
0 . 0 4 3 0  
5 5 7 5 .  
0 . 0 5 3 7  
5 0 9 3 .  
0 . 0 5 1 1  
6600 .  
0 . 0 6 3 1  
4 3 1 1  .  
0 . 0 4 6 5  
7 2 7 8 .  
0 . 0 4 3  0  
8 1 3 3 .  
0 . C 5 8 4  
6 4 2 6 .  
0 . C 5 0 6  
7 7 8 1 .  
0 . 0 6 3 6  
6 4 9 3 .  
0 . 0 5 8 7  
5 2 3 0 .  
0 . 0 5 0 9  
6 7 0 9 o  
0 . 0 6 4 6  
5 8 8 1 .  
0 . 0 5 9 1  
7 2 8 9 .  
0 . 0 6 9 7  
5 1 8 0 .  
0 . 0 5 5 9  
00 
00 
Tab le 46 (c on t d ) 
CORN ACRES: 
Y E A R  C R O P  R E P O R T I N G  D I S T R I C T  
1 2 3 4 5 6 7 8 9  
1 9 6 C  
0 „  
1 8 4 4 .  
1 5 2  5  0 .  
1 6 4 7 .  
1 3 6 2  0 .  
1 1 4 1 .  
0  9  4 4  C .  
1 7 8 9 .  
1 4 8 0  0 .  
1 7 8 9 .  
1 4 8 0  0 .  
1 2 7 0 .  
1 0 5 0  C. 
1 0 9 6 .  
0 9 0 6  0 .  
6 5 4 .  
0 5 4 1  0 .  
8 6 1 .  
0 7 1 2  
1 9 6 1  
C o  
1 4 9 9 .  
1 5 0 8  0 .  
1 3 2 4 .  
1 3 3 2  0 .  
9 9 6 .  
1 0 0 2  0 .  
1  3 9 2 .  
1 4 0 0  0 .  
1 4 5 4 .  
1 4 6 3  0 .  
1 1 4 3 .  
1 1 5 0  0 .  
8 3 9 .  
0 8 4 4  0 .  
5 1 2 .  
0 5 1 5  0 .  
7 8 1 .  
0 7 8 6  
1 9 6 2  
O o  
1 5 1 0 .  
1 5 5 6  C .  
1 3 2 4 .  
1 3 6 4  0 .  
9 4 6 .  
0 9 7 5  0 .  
1 3 9 2 .  
1 4 3 4  c .  
1 4 2 3 .  
1 4 6 6  0 .  
1 0 8 1 .  
1 1 1 4  0 .  
8 2 5 .  
0 8 5 0  0 .  
4 8 0 .  
0 4 9 5  0 .  
7 2 5 .  
0 7 4 7  
1 9 6 3  
0 . ,  
1 6 1 0 .  
1 5 2 0  0 .  
1 4 1 9 .  
1 3 4 0  0 .  
I C ' 2 4 .  
0 9 6 7  0 .  
1 5 3 0 ,  
1 4 4 5  0 .  
1 5 5 1 .  
1 4 6 5  0 .  
1 1 4 9 .  
1 0 8 5  0 .  
9 1 7 .  
0 8 6 6  C .  
5 7 2 .  
0 5 4 0  0 .  
8 1 8 .  
0 7 7 2  
1 9 6 4  
0 . ,  
1 4 3 4 .  
1 4 6 7  0 .  
1 2 9 9 .  
1 3 2 9  C .  
9 4 1 .  
0 9 6 3  0 .  
1 3 6 5 .  
1 3 9 7  0 .  
1 4 7 3 .  
1 5 0 7  0 .  
1 1 1 6 .  
1 1 4 2  0 .  
8 1 4 .  
0 8 3 3  0 .  
5 3 7 .  
0 5 5 0  0 .  
7 9 3 .  
0 8 1 2  
3  9 6 5  
0 „  
1 4 3 5 .  
1 4  5 3  0 .  
1 3 0 2 .  
1 3 1 9  0 .  
9 6 3 .  
0 9 7 5  0 .  
1 3 6 6 .  
1 3 8 4  0 .  
1 4 9 8 .  
1 5 1 7  0 .  
1 1 3 0 .  
1 1 4 5  0 .  
8 2 2 .  
0 8 3 3  0 .  
5 3 8 .  
0 5 4 5  0 .  
8 1 9 .  
0 8 3 0  
3  9 6 6  
0 .  
1 4 9 2 .  
1 4 7 1  0 .  
1 3 1 4 .  
1 2 9 5  0 .  
9 7  8 .  
0 9 6 4  0 .  
1 4 3 4 .  
1 4 1 4  0 .  
1 5 2 1 .  
1 5 0 0  0 .  
1 1 5 7 .  
1 1 4 1  0 .  
8 5 0 .  
0 8 3 8  0 .  
5 3 8 .  
0 5 3 0  0 .  
8 5 9 .  
0 8 4 7  
1 9 6 7  
0 .  
1 5 7 6 .  
1 4 2 2  0 .  
1 4 7 7 .  
1 2 3 3  c. 
1 3 . 2 0 .  
1 0 1 1  0 .  
1 5 7 3 .  
1 4 2 0  0 .  
1 6 6 8 .  
1 5 C 5  0 .  
1 2 7 9 ,  
1 1 5 4  0 .  
9 3 0 .  
0 8 3 9  0 .  
5 4 6 .  
0 4 9 3  0 .  
9 1 2 .  
C 8 2 3  
1  9 6  8  
c .  
1292. 
1 . V 3 C  0 .  
1 2  9 1 .  
1 3 2  7  0 .  
1 0 3 7 .  
1 0 6 6  0 .  
1 3 4 9 .  
1 3 8 6  0 .  
1 4 6 3 .  
1 5 0 3  0 .  
1 1 3 0 .  
1 1 6 1  0 .  
7 9 0 .  
0 8 1 2  0 .  
4 7 9 .  
0 4 9 2  0 .  
8 0 0 .  
0 8 2 2  
1 9 6 9  
0 .  
1 4 5 2 .  
1 5  1 8  0 .  
1 2 2 5 .  
1 2 8 1  0 .  
9 7 4 .  
1 0 1 8  0 .  
1 3 7 2 .  
1 4 3 5  0 .  
1 4 2 0 .  
1 4 8 5  0 .  
1 1 1 5 .  
1 1 6 6  0 .  
7 8 8 .  
0 8 2 4  0 .  
4 5 9 .  
0 4 8 0  0 .  
7 5 9 .  
0 7 9 4  
E A R  
1 9 6 C  
1 9 6 1  
1 9 6 2  
1 9 6  3  
1 9 6 4  
1 9 6  5  
1 9 6 6  
1 9 6 7  
1 9 6  8  
1 9  6 9  
SOYBEAN ACRES : 
C R O P  R E P O R T I N G  D I S T R I C T  
] .  : !  3  4  5  6  7  8  
4 6 8 .  4 7 0 .  1 4 9 .  3 4 0 .  4 5 4 .  1 0 3 .  1 1 8 .  1 9 0 .  
C . 1 % 2  3  0 . 1 8 3 1  0 . 0 5 8 0  0 . 1 3 2 5  0 . 1 7 6 9  0 . 0 4 0 1  0 . 0 4 6 0  0 . 0 7 4 0  
6 2 4 .  5 6 8 .  1 6 7 .  4 6 1 .  6 3 4 .  1 3 6 .  1 9 5 .  2 5 9 .  
0 . 1 8 5 6  0 . 1 6 8 9  0 . 0 4 9 7  0 . 1 3 7 1  0 . 1 8 8 6  0 . 0 4 0 5  0 . 0 5 8 0  0 . 0 7 7 0  
6 2 2 .  5 6 7 . ,  1 5 9 .  4 5 3 .  6 2 7 .  1 4 3 .  2 1 2 .  2 5 6 .  
0 . 1 ) 3 4 8  0 . 1 6 8 5  0 . 0 4 7 3  0 . 1 3 4 6  0 . 1 8 6 3  0 . 0 4 2 5  0 . 0 6 3 0  0 . 0 7 6 1  
6 6 4 .  6 0 1 „  1 8 0 .  4 8 4 .  6 5 3 .  1 6 5 .  2 2 4 .  2 5 2 .  
C . 1 8 7 4  0 . 1 6 9 6  0 . ( ' 5 0 8  0 . 1 3 6 6  0 . 1 8 4 3  0 . 0 4 6 6  0 . 0 6 3 2  0 . 0 7 1 1  
7 9 9 .  7 0 2 , ,  2 2 2 .  5 9 4 .  7 5 0 .  2 0 3 .  2 9 2 .  2 9 2 .  
C . 1 9 C 1  0 , 1 6 7 0  0 . 0 5 2 8  0 . 1 4 1 3  0 . 1 7 8 4  3 . 0 4 8 3  0 . 0 6 9 5  0 . 0 6 9 5  
8 6 2 .  7 8 8 , .  2 6 9 .  6 7 6 .  8 4 7 .  2 6 2 .  3 3 3 .  3 3 0 .  
0 . 1 3 1 3  0 . 1 6 5 7  0 . 0 5 6 6  0 . 1 4 2 2  0 . 1 7 8 1  0 . 0 5 5 1  C . 0 7 0 0  0 . C 6 9 4  
8 8 9 .  8 2 8 , ,  2 8 8 .  6 8 4 .  8 7 2 .  2 7 4 .  3 6 5 .  3 3 6 .  
0 . 1 8 0 6  0 . 1 6 8 2  0 . 3 5 8 5  0 . 1 3 9 0  0 . 1 7 7 2  0 . 0 5 5 7  0 . 0 7 4 2  0 . 0 6 8 3  
9 4 6 ,  8 8 4 .  2 8 8 .  7 2 7 .  8 9 6 .  2 9 7 .  3 8 6 .  3 2 7 .  
0 . 1 8 4 1  0 . 1 7 2 1  0 . 3 5 6 1  0 . 1 4 1 5  0 . 1 7 4 4  0 . 0 5 7 8  0 . 0 7 5 1  0 . 0 6 3 6  
9 4 6 .  9 2 2 .  3 0 4 .  7 6 9 .  9 7 4 .  3 5 6 .  4 1 5 .  3 4 8 »  
0 . 1 7 2 6  0 . 1 6 8 2  0 . 0 5 5 5  0 . 1 4 0 3  0 . 1 7 7 7  0 . 0 6 4 9  0 . 0 7 5 7  0 . 0 6 3 5  
8 8 6 .  9 2 4 .  3 2 5 .  7 4 4 .  9 6 5 .  3 4 8 .  4 1 1 .  3 2 7 .  
0 . 1 6 4 4  0 . 1 7 1 5  C „ 0 6 0 3  0 . 1 3 8 1  0 . 1 7 9 1  0 . 0 6 4 6  0 . 0 7 6 3  0 . 0 6 0 7  
1ab ^  46 (contd) 
OAT ACRES : 
Y E A R  
1 9 6 C  
C R O P  R E P O R T I N G  D I S T R I C T  
4  5  6  
6 7 6 .  
0 . 1 6 7 1  
5 2 4 .  
0 . 1 2 9 5  
< 8 0 .  
C . l  ] . 8 7  
5 9 6 .  
0 . 1 4 7 3  
5 9 8 .  
0 . 1 4 7 8  
4 4 0 .  
0 . 1 0 8  8  
2 8 9 .  
0 . 0 7 1 4  
2 0 9 .  
0 . 0 5 1 7  
2 3 3 .  
0 . 0 5 7 6  
1 9 6 1  4 9 1 .  
0.1532 
2  7 2 .  
0 . 1 1 6 1  
4 7 2 .  
C . 1 4 7 3  
4 2 3 .  
0 . 1 3 2 0  
4 1 8 .  
0 . 1 3 0 4  
4 1  8 .  
0 . 1 3 0 4  
2 1 3 .  
0 . 0 6 6  5  
1 7 5 .  
0 . 0 5 4 6  
2 2 3 .  
0 . 0 6 9 6  
1 9 6  2  4 6 2 .  
0 . 1 5  8 0  
3 6 8 .  
0 . 1 2  5 9  
4 3 7 .  
0 . 1 4 9 5  
3 9 0 .  
0 . 1 3 3 4  
3 8 7 .  
0 . 1 3 2 4  
3 7 8 .  
0 . 1 2 9 3  
1 8 2 .  
0.0622 
1 4 0 .  
0 . 0 4 7 9  
180. 
0 . 0 6 1 6  
1  9 6  3  3 9 2 .  
0 . 1 4 3 3  
3  2 4 .  
0 .  1 3 . 8 5  
4 2 5 .  
C . ] 5 5 4  
3 6 2 .  
0 . 1 3 2 4  
3 5 3 .  
0 . 1 2 9 1  
3 6 1 .  
0 . 1 3 2 0  
1 7 4 .  
0 . 0 6 3 6  
1 5 7 .  
0 . 0 5 7 4  
1 8 7 .  
0 . 0 6 8 4  
1 9 6 4  3 1 0 .  
0 . 1 3 4 5  
262. 
0 . 1 1 3 7  
3 9 7 .  
0 . 1 7 2 2  
2 9 6 .  
0 . 1 2 8 4  
280.  
0 . 1 2 1 5  
3 2 8 .  
0 . 1 4 2 3  
1 4 1 .  
0.0612 
1 3 2 .  
0 . 0 5 7 3  
1 5 9 .  
0 . 0 6 9 0  
1.965 :?68. 
0 . 1 3 5 9  
2 2 9 .  
0 . 1  : l  6 1  
3 6 9 .  
C . 1  B 7 1  
2 4 3 .  
0 . 1 2 3 2  
229. 
0 . 1 1 6 1  
2 8 4 .  
0 . 1 4 4 0  
121. 
C . 0 6 1 4  
110. 
0 . C 5 5 8  
1 1 9 .  
0 . 0 6 0 3  
1 9 6 6  2 5 1 ,  
0 . 1 - 3 1 6  
2 1 7 .  
0 . 1 1 1 1  
3 6 3 .  
C . 1 8 5 9  
2 3 3 .  
0 . 1 1 9 3  
2 2 4 .  
0 . 1 1 4 7  
2 8 2 .  
0 . 1 4 4 4  
1 1 4 .  
0 . 0 5 8 4  
1 2 2 .  
0 . 0 6 2 5  
1 4 1 .  
0 . 0 7 2 2  
1 9 6 7  2 3 6 .  
0 . 1 2 8  6  
1 9 1 . ,  
0 . 1 0 4 1  
3 3 9 .  
0 .  : i  8 4 7  
226.  
0 . 1 2 3 2  
2 0 7 .  
0 . 1 1 2 8  
268.  
0 . 1 4 6 0  
1 2 2 .  
0 . 0 6 6 5  
1 1 8 .  
0 . 0 6 4 3  
1 2 8 .  
0 . 0 6 9 8  
1 9 6  8  .21 4. 
0. 120 6 
1 8 6<; 
0 .  1 0 4 8  
3 5 3 .  
0 . 1 9 9 0  
2 1 5 .  
0 . 1 2 1 2  
1 9 4 .  
0 . 1 0 9 4  
2 6 2 .  
0 . 1 4 7 7  
106. 
0 . 0 5 9 8  
1 1 9 .  
0 . 0 6 7 1  
1 2 5 .  
0 . 0 7 0 5  
1 9 6 9  2 6 7 .  
0 . 1 4 6 9  
1  8 7 . „  
0 . 1 0 2 9  
3 2 5 .  
0 ,  1 7 8 8  
2 3 4 .  
0 . 1 2 8 7  
200. 
0 .1100  
266.  
0 . 1 4 6 3  
111.  
C . 0 6 1 1  
1 0 9 .  
0.0600 
1 1 9 .  
0 . 0 6 5 5  
ïal) le 46 (contd) 
FED CATTLE 
Y E A R  
I 9 6 0  
1 
5 0 6 ,  
C., 1973 
C R O P  R E P O R T I N G  D I S T R I C T  
4  5  6  
2 4 4 .  
0 . 0 9 5 2  
8 
1 , 3 4 .  
0 . 0 5 2 3  
4 4 0 .  
0 . 1 7 1 6  
3 5 7 .  
0 . 1 3 9 2  
4 0 0 .  
0 . 1 5 6 0  
2 9 3 .  
0 . 1 1 4 3  
5 9 .  
0 . 0 2 3 0  
1 3 1 .  
0 . 0 5 1 1  
1  9 6 1  '3 5 3. 
0 . 2 1 3 8  
2 4 6 .  
0 . 0 9 5 1  
1 2 7 .  
0 . C 4 9 1  
4 5 8 .  
0 . 1 7 7 0  
3 5 1 ,  
0 . 1 3 5 7  
3 7 0 .  
0 . 1 4 3 0  
3 C 4 .  
0 . 1 1 7 5  
6 2 .  
0 . 0 2 4 0  
1 1 6 ,  
0 . 0 4 4 8  
1 9 6 2  609. 
0 . 2 2 6 7  
2 5 2 .  
0 , 0 9 3 B  
1 . 2 4 .  
C . C 4 6 2  
4 9 3 .  
0 . 1 8 3 5  
3 4 6 .  
0 . 1 2 8 8  
3 7 0 .  
0 . 1 3 7 8  
3 1 1 .  
0 . 1 1 5 8  
6 1 .  
0 . 0 2 2 7  
120,  
0 . 0 4 4 7  
1 9 6 3  
1 9 6 4  
6 8 3 .  
0 . 2 2 5 1  
6 8 3 .  
0 . 2 1 5 2  
2 8 9 .  
0 . 0 9 5 3  
2 9 2 .  
0, 092 0 
1 3 1 .  
0 . C 4 3  2  
1 4 7 .  
O . C ' 4 6 3  
5 8 0 .  
0 . 1 9 1 2  
5 9 5 .  
0 . 1 8 7 5  
3 9 5 ,  
0 . 1 3 0 2  
4 3 4 ,  
0 . 1 3 6 7  
4 1 2 .  
0 . 1 3 5 8  
4 3 4 .  
0 . 1 3 6 7  
3 4 4 .  
0 . 1 1 3 4  
3 6 5 .  
0 . 1 1 5 0  
6 5 .  
0 . 0 2 1 4  
7 1 .  
0 . 0 2 2 4  
1 3 5 .  
0 . 0 4 4 5  
1 5 3 .  
0 . 0 4 8 2  
VO N5 
1 9 6 5  7 3 5 ,  
0 . 2 2 3 2  
288. 
0 . 0 H 7 5  
1 4 5 .  
0 . 0 4 4 0  
6 3 2 .  
0 . 1 9 1 9  
4 4 7 .  
0 . 1 3 5 7  
4 2  8 .  
0 . 1 3 0 0  
3 7 4 .  
0 . 1 1 3 6  
8 4 .  
0 . 0 2 5 5  
160. 
0 . 0 4 8 6  
1 9 6 6  8 1 7 .  
0 . 2 2 8 3  
2 9 5 .  
0 . 0 8  2 4  
1 6 1 .  
0 . 0 4 5 0  
7 1 3 .  
0 . 1 9 9 3  
4 8 1 ,  
0 . 1 3 4 4  
4 6 7 .  
0 . 1 3 0 5  
3 9 7 .  
0 . 1 1 1 0  
8 1 .  
0.0226 
166.  
0 . 0 4 6 4  
1 9 6 7  9 6 0 ,  
0 . 2 3 5 1  
3 4 0., 
0 , 0 8 3 3  
208.  
0 . 0 5 0 9  
8 0 1 .  
0 . 1 9 6 2  
5 3 3 .  
0 . 1 3 0 5  
5 0 7 .  
0 . 1 2 4 2  
4 4 6 .  
0 . 1 0 9 2  
100 .  
0 . 0 2 4 5  
1 8 8 .  
0 . 0 4 6 0  
9 6 3  1 0 3  9 .  
C  . 2  3 8 7  
3 5 3 .  
0 . 0 3 1 1  
2 1 9 .  
0 . 0 5 0 3  
866. 
0 . 1 9 8 9  
5 5 9 .  
0 . 1 2 8 4  
5 3 8 .  
0 . 1 2 3 6  
4 7 1 .  
0 . 1 0 8 2  
1 0 9 .  
0 . 0 2 5 3  
1 9 9 .  
0 . 0 4 5 7  
1969 1 0 6 5 »  
0.2 304 
3 7 2 .  
0 . 0 3 0 5  
2 4 9 .  
0 . 0 5 3 9  
9 2 8 .  
0.2008 
6 1 5 .  
0 . 1 3 3 1  
5 6 2 .  
0 . 1 2 1 6  
4 8 6 .  
0 . 1 0 5 1  
1 3 6 .  
0 . 0 2 9 4  
2 0 9 .  
0 . 0 4 5 2  
T a b i c  4 6  ( c o n t d )  
Y E A R  
1 9 6 C  
1 * 6 1  
1 9 6 2  
1  Q 6 3  
1 966 
1  9 6 5  
1  9 6 6  
1 9 6 7  
1 9 6 8  
1 9 6 9  
r . C 6 f 6  
6 h • 
0 . 0  6  6 4  
6 9 .  
C . 0 6  7 1  
7 4 ,  
0 . 0 6 8 6  
PI . 
0 . 0 6 9 2  
8 3 .  
C . 0 6 4 5  
82. 
0 . 0 6 3 1  
8 5 .  
C . 0 6 3 8  
8 7 .  
C . .  0  6 4  7  
9 0 .  
0 . 0 6 2 4  
6 3 .  
0 .  0 6 3 4  
6 4 .  
0 . 0 6 4 4  
6 5 .  
0 . 0 6 3 2  
6 7 .  
O . 0 6 2 1  
7 2 .  
0 . 0 6 1 5  
7 3 .  
0 . 0 5 6 8  
6  9 .  
0 . 0 5 3 1  
6 7 .  
0 . 0 5 0 3  
6 5 .  
0 . 0 4 8 3  
6 9 .  
P . 0 4 7 8  
3  
8 5  
0 . 0 : 3  5 5  
86 
0 . 0  3  6 5  
8 9  
0 . 0 3 6 6  
9 5  
0 . 0 3 8 0  
L O I  
0 . 0 3 6 3  
1 1 3  
0 . 0 8 7 9  
1 1 4 ,  
0 . 0  8  7 7  
1 2 3  
0 . 0 9 2 3  
1 2 8  
0 . 0 9 5 2  
1  3 9  
0 , 0 9 6 3  
BEEF COWS: 
c r o p  r e p o r t i n g  d i s t r i c t  
4 5 6 7 8 0 
1 1 9 .  1 3 0 .  1 3 1 .  1 1 8 .  1 7 2 .  1 1 1 .  
0 . 1 1 9 7  0 . 1 3 0 8  0 . 1 2 1 8  0 . 1 1 8 7  0 . 1 7 3 0  0 . 1 1 1 7  
1 2 1 .  1 2 7 .  1 3 1 .  1 1 7 .  1 7 2 .  1 1 0 .  
0 . 1 2 1 7  0 . 1 2 7 8  0 . 1 3 1 8  0 . 1 1 7 7  0 . 1 7 3 0  0 . 1 1 0 7  
1 2 5 .  1 2 9 .  1 3 4 .  1 2 3 .  1 7 9 .  1 1 5 .  
0 . 1 2 1 6  0 . 1 2 5 5  0 . 1 3 0 4  0 . 1 1 9 6  0 . 1 7 4 1  0 . 1 1 1 9  
1 3 3 .  1 3 6 .  1 4 0 .  1 2 8 .  1 8 6 .  1 2 0 .  
0 . 1 2 3 3  0 . 1 2 6 C  0 . 1 2 9 7  0 . 1 1 8 6  0 . 1 7 2 4  0 . 1 1 1 2  
1 4 3 .  1 4 8 .  1 5 3 .  1 3 7 .  2 0 6 .  1 3 0 .  
0 . 1 2 2 1  0 . 1 2 6 4  0 . 1 3 0 7  0 . 1 1 7 0  0 . 1 7 5 9  0 . 1 1 1 0  
1 6 1 .  1 5 4 .  1 6 4 .  1 5 6 .  2 3 5 .  1 4 7 .  
0 . 1 2 5 2  0 . 1 1 9 8  0 . 1 2 7 5  0 . 1 2 1 3  0 . 1 8 2 7  0 . 1 1 4 3  
1 6 2 .  1 4 9 .  1 6 5 .  1 6 0 .  2 4 9 .  1 5 0 .  
0 . 1 2 46 0.1146 0.1269 0.1231 0.1915 0.1154 
1 6 9 .  1 4 7 .  1 7 0 .  1 6 7 .  2 4 9 .  1 5 5 .  
0 . 1 2 6 9  0 . 1 1 0 4  0 . 1 2 7 6  0 . 1 2 5 4  0 . 1 8 6 9  0 . 1 1 6 4  
1 7 1 .  1 4 9 .  1 6 8 .  1 6 6 .  2 5 6 .  1 5 5 .  
0 . 1 2 7 1  0 . 1 1 0 9  0 . 1 2 4 9  0 . 1 2 3 4  0 . 1 9 0 3  0 . 1 1 5 2  
1 8 4 .  1 5 8 .  1 8 1 .  1 7 9 .  2 7 7 .  1 6 6 .  
0 . 1 2 7 5  0 . 1 0 9 5  0 . 1 2 5 4  0 . 1 2 4 0  0 . 1 9 2 0  0 . 1 1 5 0  
T a l )  l e  4 6  ( c  o n  t d  )  
Y E A S  
1 9 6C 2 4 0 9 .  
P . .  1 2  8 7  
2 0 4 3 .  
0 . 1 0 9 2  
2  7 0 6  
0 . 1 4 4 6  
1 ^ 6 1  2 6 1 9 .  
0 . 1 2 9 6  
2 2 6 7 .  
0 . 1 1 2 2  
2 7 8 0  
0 . 1 3  7 6  
1 9 6 2  2 5 8 6 .  
0 . 1 2 8 7  
2 2  5 9 .  
0 . 1 1 2 4  
2  7 3 6  
0 . 1 3 6 2  
1 9 6 :  2 5 7 7 .  
0 .1260  
2 2 8 3 .  
0. 13 16 
2  7 2 ?  
0 . 3  3 3 1  
1 9 6 4  2 4 9 4 .  
0 . 1 2 5 3  
2 1 4 2 .  
0 . 1 0 7 6  
2  6 3 3  
0 . 1 3 2 3  
1 9 6 5  2 3 3 1 .  
0 . 1 2 3 8  
2 0 1 8 .  
0 . 1 0 7 1  
;  5 2 0  
0 . 1 3 3 8  
. 9 6 6  2%86. 
0 . 1 2 4 6  
2 2 9 5 .  
0.11.06 
2  7 9  5 ,  
0 . 1 3 4 7  
1 9 6 7  2 7 8 1 .  
0 . 1 2 6  6  
2 2 9 9 ,  
0 ,  1 0 6 3  
2 9 5 3 ,  
0 .  3 6 6  
1 9 6 8  2  9 1  8 .  
0 . 1 2 8 5  
2 3 9 4 .  
0 . 1 0  5 4  
3 1 5 6 ,  
0 .  ' . 3 8 9  
1 9 6  9  2 4 9 2 .  
0 . 1 2 3 7  
2 1 3 4 . ,  
0 .1060  
; ' . 8 0 7 ,  
0 .  3 9 4  
H O G S  :  
C R O P  R E P O R T I N G  D I S T R I C T  
4  5  6  7  8  9  
0 .  
2 1 8 1 .  
1 1 6 5  0 .  
2 3 0 3 .  
1 2 3 1  D .  
2 7 4 9 .  
1 4 6 9  0 .  
1 3 8 3 .  
0 7 3 9  0 .  
1 0 6 4 .  
0 5 6 9  0 .  
1 8 7 5  
1 0 0 2  
0 .  
2 4 1 6 .  
1 1 9 6  0 .  
2 4 4 8 .  
1 2 1 2  0 .  
2 9 7 0 .  
1 4 7 0  0 .  
1 5 0 0 .  
0 7 4 2  0 .  
1 1 7 8 .  
0 5 8 3  0 .  
2 0 2 6  
1 0 0 3  
0 .  
2 4 1 5 .  
1 2 0 2  0 .  
2 4 1 9 .  
1 2 0 4  0 .  
2 9 9 0 .  
1 4 8 8  0 .  
1 4 7 1 .  
0 7 3 2  0 .  
1 2 0 2 .  
0 5 9 8  0 .  
2 0 1 4  
1 0 0 2  
0 .  
2 4 6 8 .  
1 2 0 6  0 .  
2 4 5 9 .  
1 2 0 2  0 .  
3 0 8 4 .  
1 5 0 7  0 .  
1 4 9 3 .  
0 7 3 0  0 .  
1 2 6 5 .  
0 6 1 8  0 .  
2 1 0 6  
1 0 2 9  
0 .  
2 4 8 4 .  
1 2 4 8  0 .  
2 3 7 7 .  
1 1 9 4  0 .  
3 0 7 8 .  
1 5 4 6  0 .  
1 4 3 7 .  
0 7 2 2  0 .  
1 1 8 1 .  
0 5 9 3  0 .  
2 0 7 8  
1 0 4 4  
0 .  
2 3 6 3 .  
1 2 5 5  0 .  
2 2 5 6 .  
1 1 9 8  0 .  
2 8 4 9 .  
1 5 1 3  0 .  
1 4 2 4 .  
0 7 5 6  0 .  
1 1 4 5 .  
0 6 0 8  0 .  
1 9 2 8  
1 0 2 4  
0 .  
2 5 8 8 .  
1 2 4 7  0 .  
2 4 3 9 .  
1 1 7 5  0 .  
3 1 0 0 .  
1 4 9 4  0 .  
1 5 8 5 .  
0 7 6 4  0 .  
1 3 0 2 .  
0 6 2 7  0 .  
2 0 6 5  
0 9 9 5  
0 .  
2 7 5 6 .  
1 2 7 5  0 .  
2 5 2 1 .  
1 1 6 6  0 .  
3 1 7 8 .  
1 4 7 0  0 .  
1 6 9 2 .  
0 7 8 3  0 .  
1 3 5 8 .  
0 6 2 8  0 .  
2 0 8 4  
0 9 6 4  
0 .  
2 9 1 7 .  
1 2 8 4  0 .  
2 6 2 7 .  
1 1 5 7  0 .  
3 3 2 6 .  
1 4 6 4  0 .  
1 7 6 8 .  
0 7 7 8  0 .  
1 3 8 3 .  
0 6 0 9  0 .  
2 2 2 6  
0 9 8 0  
0 .  
2 5 6 8 .  
1 2 7 5  0 .  
2 3 1 1 .  
1 1 4 7  0 .  
2 9 9 8 .  
1 4 8 9  0 .  
1  5 7 9 .  
C 7 8 4  0 .  
1 2 2 2 .  
0 6 0 7  0 .  
2 0 2 9  
1 0 0 7  
Tab le 46 (cnntd) 
y  ç  a  r  
1 2 
1 9 6 0  - ' - 6 ' ' .  2  2  6 .  6 3  
r . 2 9 5 6  0 . 1 4 3 0  0 . C 3 9 9  
1 9 6 1  4 4 6 ,  1  9 8 ,  5 9  
0 . 2 6 8 7  C . 1 1 9 3  0 . C 3 5 5  
1 9 6 2  2 1 9  5 .  1 9 8 .  5 9  
0 . 2  6 3  2  C . 1 3 1 9  0 . 0 3 9 3  
1 9 6 3  A l l .  1 9 6 .  5 8  
0 . 2 W 5 6  0 . 1 3 6 2  0 . 0 4 0 3  
1 9 6 4  3 9 4 .  1 8 8 .  4 0  
0 . 2 6 8 8  C . 1 2 8 2  0 . 0 2 7 3  
1 9 6 5  : ? 9 7 .  1 7 4 .  4 0  
0 . 2 4 0 5  0 . 1 4 0 9  0 . 0 3 2 4  
1 9 6 6  : ? 5 4 .  1 2 6 .  2 7  
0 . 2 1 9 0  0 . 1 0 8 6  0 . 0 2 3 3  
1 9 6 7  1 7 5 .  1 0 5 . ,  3 1  
C . 1 8 8 6  0 . 1 1 3 1  0 . 0 3 3 4  
1 9 6 8  1 5 0 .  1 3 7 . .  3 2  
0 . 1 6 5 C  0 . 1 5 0 7  0 . 0 3 5 2  
1 9 6 9  1 4 2 .  1 2 3 , ,  3 7  
0 . 1 6 7 8  0 . 1 4 5 4  0 . 0 4 3 7  
FED LMTBS : 
c r o p  r e p o r t i n g  d i s t r i c t  
4  5  6  7  8  
0 .  
1 7 4 .  
1 1 0 1  0 .  
1 6 9 .  
1 0 7 0  0 .  
9 3 .  
0 5 8 9  0 .  
8 2 .  
0 5 1 9  0 .  
1 3 6 .  
0 8 6 1  0 .  
1 7 0 .  
1 0 7 6  
0 .  
2 3 0 .  
1 3 8 6  0 .  
1 8 1 .  
1 0 9 0  0 .  
1 0 3 .  
0 6 2 0  0 .  
9 6 .  
0 5 7 8  0 .  
1 5 3 .  
0 9 2 2  0 .  
1 9 4 .  
1 1 6 9  
0 .  
2 0 1 .  
1 3 3 9  0 .  
1 5 9 .  
1 0 5 9  0 .  
1 0 9 .  
0 7 2 6  0 .  
9 0 .  
0 6 0 0  0 .  
1 2 4 .  
0 8 2 6  0 .  
1 6 6 .  
1 1 0 6  
0 .  
1 5 9 .  
1 1 0 5  0 ,  
1 6 7 .  
1 1 6 1  D .  
9 4 .  
0 6 5 3  0 .  
9 2 .  
0 6 3 9  0 .  
1 0 7 .  
0 7 4 4  0 .  
1 5 5 .  
1 0 7 7  
0 .  
1 5 7 .  
1 0 7 1  0 .  
1 9 8 .  
1 3 5 1  c .  
1 0 4 .  
0 7 0 9  0 .  
9 1 .  
0 6 2 1  0 .  
1 1 8 .  
0 8 0 5  0 .  
1 7 6 .  
1 2 0 1  
0 .  
1 3 2 .  
1 0 6 9  0 .  
1 6 4 .  
1 3 2 8  0 .  
9 3 .  
€ 7 5 3  0 .  
8 1 .  
0 6 5 6  0 .  
9 7 .  
0 7 8 5  0 .  
1 5 7 .  
1 2 7 1  
0 .  
1 2 4 .  
1 0 6 9  0 .  
1 6 8 .  
1 4 4 8  0 .  
1 C 4 .  
0 8 9 7  0 .  
1 C 9 .  
0 9 4 0  0 .  
1 0 7 .  
0 9 2 2  0 .  
1 4 1 .  
1 2 1 6  
0 .  
1 0 6 .  
1 1 4 2  0 .  
1 4 1 .  
1 5 1 9  0 .  
8 8 .  
0 9 4 8  0 .  
6 9 .  
0 7 4 4  0 .  
8 6 .  
0 9 2 7  0 .  
1 2 7 .  
1 3 6 9  
0 .  
8 0 .  
0 8 8 0  0 .  
1 3 9 .  
1 5 2 9  0 .  
8 9 .  
0 9 7 9  0 .  
4 7 .  
0 5 1 7  0 .  
9 6 .  
1 0 5 6  0 .  
1 3 9 .  
1 5 2 9  
0 .  
7 2 .  
0 8 5 1  0 .  
1 3 1 .  
1 5 4 8  0 .  
8 0 .  
0 9 4 6  0 .  
5 3 .  
0 6 2 6  0 .  
7 5 .  
0 8 8 7  0 .  
1 3 3 .  
1 5 7 2  
Tab 1 e_ 46 (conLd) 
LAMBS BORN; 
Y E A P  
1  9 6 0  
C R O P  R E P O R T I N G  D I S T R I C T  
4  5  6  8 
1 1 7 .  
C . 1 2 3 3  
9 8 .  
n . 1 0 3 3  
5 3 .  
0 . 0 5 5 8  
8 7 .  
0 . 0 9 1 7  
1 1 1 .  
0 , 1 1 7 0  
80. 
0 . 0 8 4 3  
6 1 .  
0 . 0 6 4 3  
1 4 2 .  
0 . 1 4 9 6  
200.  
0 . 2 1 0 7  
1 9 6 1  il 6. 
0 . 1 2 4 3  
I C I . ,  
0 . 1 0 8  3  
5 5 .  
0 . 0 5 8 9  
86. 
0 . 0 9 2 2  
106.  
0 . 1 1 3 6  
8 3 .  
0 . 0 8 9 0  
5 7 .  
0 . 0 6 1 1  
1 3 4 .  
0 . 1 4 3 6  
1 9 5 .  
0 . 2 0 9 0  
1 9 6 2  106. 
0 . 1 2 1 0  
9 1 . ,  
0 . 1 0 3 9  
5 3 .  
0 . 0 6 0 5  
7 9 .  
0 . 0 9 0 2  
102.  
0 . 1 1 6 4  
81 .  
0 . 0 9 2 5  
5 3 .  
0 . 0 6 0 5  
1 2 4 .  
0 . 1 4 1 6  
1 8 7 .  
0 . 2 1 3 5  
1 9 6  3  9 1 .  
0 . 1  1 6 5  
8 4 . ,  
0 .  1 0 7 6  
5 0 .  
0 . ? 6 4 C  
7 0 .  
0 . C 8 9 6  
9 2 .  
0 . 1 1 7 8  
7 3 .  
0 . 0 9 3 5  
4 6 .  
0 . 0 5 8 9  
108. 
0 . 1 3 8 3  
1 6 7 .  
0 . 2 1 3 8  
1 9 6 4  8 7 .  
0.1160 
79.. 
0 . 1 0 5 3  
4 9 .  
0 . 3 6 5 3  
6 5 .  
0 . 0 8 6 7  
9 1 .  
0 . 1 2 1 3  
7 4 .  
0 . 0 9 8 7  
4 5 .  
0.0600 
1 0 3 ,  
0 . 1 3 7 3  
1 5 7  
0 . 2 0 9 3  
1 9 6 5  86 .  
0 . 1 1 4 7  
7  8 . .  
0 . 1 0 4 0  
4 4 .  
0 „ C 5 8 7  
6 9 .  
0 . 0 9 2 0  
8 7 .  
0 . 1 1 6 0  
7 1 .  
0 . 0 9 4 7  
4 7 .  
C . C 6 2 7  
1 1 0 ,  
0 . 1 4 6 7  
1 5 8  
0 . 2 1 0 7  
1 9 6 6  7 7 .  
r . i i i o  
7 1 .  
0 . 1 0 2 3  
4 2 .  
0 „ C 6 0 5  
5 9 .  
0 .  0 8 5 0  
7 7 .  
0 .  1 1 1 0  
6 9 .  
0 . 0 9 9 4  
4 0 .  
0 . 0 5 7 6  
1 0 4 .  
0 . 1 4 9 9  
1 5 5  
0 . 2 2 3 3  
1 9 6  7  7 4 .  
C . 1 1 0 4  
6 7 .  
0. 1000 
4 4 .  
0 . 0 6 5 7  
60. 
0 . 0 8 9 6  
8 1 ,  
0 . 1 2 0 9  
68. 
0 . 1 0 1 5  
4 1 .  
0 . 0 6 1 2  
9 2 .  
0 . 1 3 7 3  
1 4 3  
0 . 2 1 3 6  
1 9 6 8  6 4 .  
0 . 1 0  7 0  
60,  
0 . 1 0 0 3  
4 0 .  
0 . 0 6 6 9  
5 1 .  
0 . 0 8 5 3  
7 6 .  
0 . 1 2 7 1  
6 5 .  
0 . 1 0 8 7  
3 5 .  
0 . 0 5 8 5  
8 2 .  
0 . 1 3 7 1  
1 2 5  
0 . 2 0 9 0  
1969 60. 
0 . 1 0 2 2  
60. 
0 . 1 0 2 2  
4 0 .  
0 . 0 6 8 1  
5 5 .  
0 . 0 9 3 7  
6 6 .  
0 . 1 1 2 4  
6  6 .  
0 . 1 1 2 4  
3 3 .  
0 . 0 5 6 2  
8 1  .  
0 . 1 3 8 0  
1 2 6  
0 . 2 1 4 7  
1 9  6 C  
1  9 6 1  
1 9 6 2  
1 9 6 3  
1 9 6 4  
1 9 6 5 :  
1  9 6 6  
1 9 6 7  
1 9 6 8  
1 9 6 9  
MILK COWS : 
c r o p  r e p o r t i n g  d i s t r i c t  
8 
9 6 .  1 0 5 .  2 1 9 4 .  8 4 .  8 3 .  1 1 5 .  4 6 .  6 1 .  
C , . 1 0 1 8  D . 1 I 1 3  0 . 2 ]  1 8  0 . 0 8 9 1  0 . 0 8 8 0  0 . 1 2 2 0  0 . 0 4 8 8  0 . 0 6 4 7  
9 8 .  1 0 3 .  2 9 5 .  8 1 .  8 1 .  1 1 6 .  4 5 .  5 8 .  
C . 1 C 5 C  C . 1 1 0 4  0 . 3 1 6 2  0 . 0 8 6 8  0 . 0 8 6 8  0 . 1 2 4 3  C . C 4 8 2  0 . 0 6 2 2  
9 7 .  1 0 3 .  ' 1 0 8 .  7 8 .  7 6 .  1 1 6 .  4 0 .  5 4 .  
0 . 1 C 4 8  0 . 1 1 1 2  r . 3 % 2 6  0 . 0 8 4 2  0 . 0 8 2 1  0 . 1 2 5 3  0 . 0 4 3 2  0 . 0 5 8 3  
9 4 .  9 8 .  3 0 3 .  7 3 .  7 1 .  1 1 2 .  3 7 .  5 2 .  
0 . 1 C 5 9  0 . 1 1 0 4  0 . 3 4 1 2  0 . 0 8 2 2  0 . 0 8 0 0  0 . 1 2 6 1  0 . 0 4 1 7  0 . 0 5 8 6  
9  4 .  9 4 .  3 0 4 .  6 9 .  6 6 .  1 0 7 .  3 4 .  4 8 .  
0 . 1 0 9 2  0 .  1 0 9 2  0 . 2  ! ) 3 1  0 . 0 8 0 1  0 . 0 7 6 7  0 . 1 2 4 3  0 . 0 3 9 5  0 . 0 5 5 7  
9 1 .  8 7 .  3 0 4 .  6 5 .  6 0 .  1 0 4 .  3 2 .  4 3 .  
0 . 1 1 0 0  0 . 1 0 5 2  0 . 3 6 7 6  0 . 0 7 8 6  0 . 0 7 2 6  0 . 1 2 5 8  0 . 0 3 8 7  0 . 0 5 2 0  
8 0 .  7 7 .  2 8 8 .  5 6 .  5 3 .  9 2 .  2 7 .  3 7 .  
0 . 1 0 7 2  0 . 1 0 3 2  0 . 3 8 6 1  0 . 0 7 5 1  0 . 0 7 1 0  0 . 1 2 3 3  0 . 0 3 6 2  0 . 0 4 9 6  
77, 6 9 .  2 7 6 .  5 2 ,  4 7 .  8 6 .  2 4 .  3 1 .  
0 . 1 1 1 1  0 . 0 9 9 6  0 . 3 / 9 8 3  0 . 0 7 5 0  0 . 0 6 7 8  0 . 1 2 4 1  0 . 0 3 4 6  0 . 0 4 4 7  
7 1 .  6 5 .  2 6 7 .  4 5 .  4 3 .  8 0 .  2 0 .  2 6 .  
0 . 1 1 0 1  0 . 1 0 0 8  0 . ' 1 4 0  0 . 0 6 9 8  0 . 0 6 6 7  0 . 1 2 4 0  0 . 0 3 1 0  0 . 0 4 0 3  
5 9 .  5 4 .  2 4 7 .  3 8 .  3 4 .  7 3 .  1 6 .  2 4 .  
0 . 1 0 3 9  0 . 0 9 5 1  0 . 4 3 4 9  0 . 0 6 6 9  0 . 0 5 9 9  0 . 1 2 8 5  0 . 0 2 8 2  0 . 0 4 2 3  
T a t ) l e  4 6  ( c o n t d )  
Y E A R  
I  Î Î  3  
1 S 6 C  4 0 9 4 .  4 6 0  3 .  : i 3  5  2 .  
0 . 1 6 6 2  0 . 1 H 6 8  0 . 1 5 6 4  
1 9 6 1  3 9 4 3 .  4 3 3  8 .  : s 6 9 7 .  
0 . 1 6 6  8  0 . 1 8 3  5  0 . 1 5 6 4  
1 9 6 2  3 4 3  9 .  3 8 4 8 .  3 3 1 4 .  
0 . 1 6 6 9  C . 1 8 6 7  0 .  I .  6 0 8  
• 1 9 6 3  3 : ; 4 3 .  3 5 4 5 . ,  3 1 7 1 .  
0 . 1 6 8 3  0 . 1 8 3 9  0 . ; . 6 4 5  
1 9 6 4  3 : 1 7 0 .  3 5 7 4 .  3 3 6 3 .  
0 . 1 6 4 1  0 . 1 0 5 1  0 . ; . 7 4 1  
1 9 6 5  2 6 8 5 .  2 8 5 3 .  : ? 8 4 7 .  
0 . 1 6 8 7  0 . 1 7 9 2  0 . 1 7 8 9  
1 9 6 6  2  7 2 6 .  2 8 5 0 . .  3 1 1 8 .  
0 . 1 6 7 2  0 . 1 7 4 8  0 . 1 9 1 2  
1 9 6 7  2  2 4 9 .  2 3 4 0 .  2 6 5 6 .  
0 . 1 6 4 4  0 . 1 7 1 1  0 , 1 9 4 2  
1 9 6 8  2 0 0 3 .  1 9 6 7 .  2 3 4 4 .  
0 . 1 6 7 6  0 . 1 6 4 6  0 . 1 9 6 1  
1 9 6 9  2 C 0 4 .  2 0 1 1 .  2 5 8 3 .  
0 . 1 5 5 9  0 . 1 5 6 4  0 « 2 0 0 9  
HENS : 
C R O P  R E P O R T I N G  D I S T R I C T  
4  5  6  7  8  9  
0 .  
3 0 4 5 .  
1 2 3 6  0 .  
3 1 6 9 .  
1 2 8 6  0 .  
2 0 1 4 .  
0 8 1 8  0 .  
1 4 0 7 .  
0 5 7 1  0 .  
1 1 6 0 .  
0 4 7 1  0 .  
1 2 9 2  
0 5 2 4  
0 .  
3 0 2 1 .  
1 2 7 8  0 .  
3 0 0 1 .  
1 2 6 9  0 .  
1 9 3 0 .  
0 8 1 6  0 .  
1 3 9 0 .  
0 5 8 8  0 .  
1 1 1 9 .  
0 4 7 3  0 .  
1 2 0 1  
0 5 0 8  
0 .  
2 6 7 1 .  
1 2 9 6  0 ,  
2 5 5 4 .  
1 2 3 9  0 .  
1 6 9 7 .  
0 8 2 3  0 .  
1 2 0 2 .  
0 5 8 3  0 .  
9 0 1 .  
0 4 3 7  0 .  
9 8 2  
0 4 7 7  
0 .  
2 5 2 2 .  
1 3 0 9  0 .  
2 3 8 5 .  
1 2 3 8  0 .  
1 6 0 5 .  
0 8 3 3  0 .  
1 1 1 8 .  
0 5 8 0  0 .  
8 0 8 .  
0 4 1 9  0 .  
8 7 5  
0 4 5 4  
0 .  
2 5 7 3 .  
1 3 3 2  0 .  
2 3 2 6 .  
1 2 0 4  0 .  
1 5 7 8 .  
0 8 1 7  0 .  
1 0 9 4 .  
0 5 6 6  0 .  
7 8 4 .  
0 4 0 6  0 .  
8 5 1  
0 4 4 1  
0 .  
2 0 4 0 .  
1 2 8 2  0 .  
2 0 6 1 .  
1 2 9 5  0 .  
1 2 9 6 .  
0 8 1 4  0 .  
8 6 9 .  
0 5 4 6  0 .  
5 8 0 .  
0 3 6 4  0 .  
6 8 6  
0 4 3 1  
0 .  
2 0 8 6 .  
1 2 7 9  0 .  
1 9 9 0 .  
1 2 2 0  0 .  
1 3 4 4 .  
0 8 2 4  0 .  
8 9 2 .  
0 5 4 7  0 .  
6 0 4 ®  
0 3 7 0  0 .  
6 9 8  
0 4 2 8  
0 .  
1 7 8 3 .  
1 3 0 3  0 .  
1 8 0 3 .  
1 3 1 8  0 .  
1 0 7 9 .  
0 7 8 9  0 .  
6 8 8 .  
0 5 0 3  0 .  
4 7 5 »  
0 3 4 7  0 .  
6 0 7  
0 4 4 4  
0 .  
1 5 0 4 .  
1 2 5 8  0 .  
1 5 2 7 .  
1 2 7 8  c .  
1 0 3 7 .  
0 8 6 8  0 .  
5 9 8 .  
0 5 0 0  0 .  
4 3 9 o  
0 3 6 7  0 .  
5 3 4  
0 4 4 7  
0 .  
1 5 9 6 .  
1 2 4 2  0 .  
1 9 8 9 .  
1 5 4 7  O o  
1 1 2 6 .  
0 8 7 6  0 .  
5 6 5 .  
0 4 4 0  0 .  
4 2 7 .  
0 3 3 2  0 .  
5 5 4  
0 4 3 1  
T a b l e  4 6  ( c o n t d )  
Y E A R  
1 
Î 9 60 622. 
0.0820 
1 1 1 9 ,  
0 . 1 4 5 2  
7 5 7  
0 . 0 9 8 2  
1 9 6 1  7 1 5 .  
0 . 0 7 3 0  
1 2  5 7 .  
0 . 1 3  8 6  
1 3 7 6  
0 . 1 4 0 5  
1 9 6 2  6 7 7 .  
0 . 0 6 6 5  c . 1 4 6 :  
8 9 4  
0 . 1 % 4 2  
1  9 6 3  6 7 0 .  
0 , 1 c 8 9  
1 1 1 2 .  
0 . 1 3 9 2  
« 1 4  
0 . 1 0 1 9  
1 9 6 4  8 8 9 .  
0 . 1 1 1 3  
1 1 3 3 .  
0 . 1 4 1 8  
8 4 8  
0.1061 
1  9 6 5  1 0 6 3 .  
0 . 1 2 9 8  
1 0 4 4 .  
0 . 1 2 7 5  
8 4 8  
0 . 1 0 3 6  
3.066 1066. 
0 . 1 4 6 8  
7 3 0 .  
0. 1006 
600 
0.  (• •826  
9 6  9 1 8 ,  
0 . 1 2 5 1  
91:-!. 
O .  1 2 4 4  
4 5 5 ,  
0.0620 
1 9 6  8  9 9 5 .  
0 . 1 6 7 3  
6 9 1 .  
0 . 1 1 6 2  
3 2 2  
0 . 0 5 4 2  
1 9 6 9  • ' 9 3 .  
0 . 1 3 7 6  
4  7 0 .  
0  . 0 8 1 6  
2 8 8 ,  
0 . 0 5 0 0  
TURKEYS : 
C R O P  R E P O R T I N G  D I S T R I C T  
4  5  6  7  8  9  
0 .  
5 9 6 .  
0 7 7 3  0 .  
1 9 1 4 .  
2 4 8 4  0 .  
6 5 8 .  
0 8 5 4  0 .  
1 0 4 .  
0 1 3 5  0 .  
5 6 8 .  
0 7 3 7  
1 3 5 8  
0 . 1 7 6 2  
0 .  
8 6 1 .  
0 8 7 9  0 .  
2 3 1 7 .  
2 3 6 6  0 .  
7 8 0 .  
0 7 9 6  C .  
7 4 .  
0 C 7 6  c .  
6 3 0 .  
0 6 4 3  
1 6 8 3  
0 . 1 7 1 9  
0 .  
8 0 6 .  
1 0 3 0  0 .  
1 8 4 7 .  
2 3 6 0  0 .  
5 9 8 .  
0 7 6 4  0 .  
9 9 .  
0 1 2 7  0 .  
4 5 1 .  
0 5 7 6  
1 3 0 8  
0 . 1 6 7 2  
0 .  
8 8 4 .  
1 1 0 6  0 .  
1 8 8 3 .  
2 3 5 6  c .  
5 7 7 .  
0 7 2 2  0 .  
8 9 .  
0 1 1 1  0 .  
4 6 5 .  
0  5 8 2  
1 2 9 7  
0 . 1 6 2 3  
0 .  
9 3 9 .  
1 1 7 5  0 .  
1 9 2 7 .  
2 4 1 2  0 .  
5 5 1 .  
0 6 9 0  0 .  
2 1 .  
0 0 2 6  0 .  
4 2 6 .  
0 5 3 3  
1 2 5 5  
0 . 1 5 7 1  
0 .  
1 0 4 0 .  
1 2 7 0  0 .  
1 7 2 1 .  
2 1 0 2  D .  
4 0 0 .  
0 4 8 9  c .  
9 9 .  
0 1 2 1  0 .  
5 2 1 .  
0 6 3 6  
1 4 5 1  
0 . 1 7 7 2  
0 .  
1 1 4 2 .  
1 5 7 3  0 .  
1 6 0 7 .  
2 2 1 3  0 .  
3 3 4 .  
0 4 6 0  0 .  
2 8 .  
0 0 3 9  0 .  
5 0 7 .  
0 6 9 8  
1 2 4 6  
0 . 1 7 1 6  
0 .  
1 0 4 8 .  
1 4 2 8  0 .  
1 5 7 3 .  
2 1 4 3  Ù .  
5 3 8 .  
0 7 3 3  0 .  
1 5 .  
0 0 2 0  0 .  
3 0 1 .  
0 4 1 0  
1 5 7 9  
0 . 2 1 5 1  
0 „  
8 7 1 .  
1 4 6 5  0 .  
1 3 9 9 .  
2 3 5 3  0 .  
2 9 0 .  
0 4 8 8  0 .  
3 .  
0 0 0 5  0 .  
2 8 4 .  
0 4 7 8  
1 0 9 1  
0 . 1 8 3 5  
0 „  
8 9 3 .  
1 5 5 0  0 .  
1 4 6 5 .  
2  5 4 3  0 .  
2 6 0 .  
0 4 5 1  0 .  
6 .  
0 0 1 0  0 .  
2 3 2 .  
0 4 0 3  
1 3 5 5  
0 . 2 3 5 2  
200 
APPENDIX B: 1980 PROJECTED AGRICULTURAL PRODUCTION 
BY DISTRICT 
Table 47. Ten-year average share of sts.te total, 1980 time trend estimated share and associated 
statistics, projected 1980 share and production, 1967-1969 average production, and ratio 
of 1980 projected to 1967-1569 average production by crop reporting district of selected 
commodities 
CORN: 
C R C 'P R E P O R T I N G  D I S T R I C T  
4  5  6  7  8  
T E i N  Y E A R  A V E R A G E  S H A R E  O F  S T A T E  
C . 1 4 2 1  0 . 1 3 6 ?  0 . 0 9 4 2  0 . 1 4 1 8  0 . 1 6 0 4  C . 1 2 2 9  0 . 0 7 9 6  0 . 0 4 4 6  0 . C 7 8 1  
T I M E  T R E N D  E S T I M A T E D  1 9 8 0  S H A R E  
C .  1 2 7 5  0 . 1  5 0 6  0 . 1  1 3 2  C . 1 1 7 1  0 . 1 6 2 0  G . 1 3 5 2  0 . 0 6 1 2  0 . 0 3 7 3  0 . 0 9 5 9  
A  C O E F F I C I E N T  
C . 1 5 2 9  0 . 1 2 5 7  0 . 0 8 0 1  0 . 1 6 0 1  0 . 1 5 9 2  0 . 1 1 3 7  0 . 0 9 3 3  0 . 0 5 0 1  C . 0 6 4 9  
B  C O E F F I C I E N T  g  
- r . c r . p Q  0 . 0 0 0 9  0 . 0 0 1 2  - 0 , 0 0 1 6  O . O O O l  0 . 0 0 0 8  - 0 . 0 0 1 2  - C . 0 0 0 5  0 . 0 0 1 1  ^  
R  S Q U A R E D  
0 . 0 6 4 2  0 . 3 0 9 9  0 . 2 2 1 8  0 . 3 8 6 4  0 . 0 0 3 6  0 . 1 5 8 1  0 . 2 6 6 8  0 . 0 9 2 3  0 . 1 9 4 8  
T - T E S T  O F  B  
- 0 . 7 4 0 9  % . 8 S 5 6  1 . 5 1 0 2  - 2 . 2 4 4 5  0 . 1 7 0 4  1 , 2 2 5 8  - 1 . 7 1 5 0  - 0 . 9 0 1 9  1 , 3 9 1 0  
I ' P O J E C T E D  1 9 8 0  S H A P E  
0 . 1 3 7 7  0 . : 4 C 6  0 . 0 9 9 9  0 . 1 3 4 4  0 , 1 6 0 9  0 . 1 2 6 6  0 . 0 7 4 1  0 . 0 4 2 4  0 . 0 8 3 4  
P R O J E C T E D  1 9 8 0  P R O D U C T I O N  
2 C 2 7 5 7 .  2 0 6 9 5 7 ,  1 4 7 0 7 9 .  L 9 7 7 9 3 .  2 3 6 7 7 8 .  1 8 6 3 2 4 .  1 0 9 0 8 3 .  6 2 4 4 3 .  1 2 2 8 0 6 .  
1 9 6 7 - 1 9 6 9  A V E R A G E  P R O D U C T I O N  
1 3 2 2 9 9 .  1 3 2 0 2 1 ,  9 4 3 9 9 .  1 2 7 9 9 9 ,  1 5 0 2 8 5 .  1 1 8 1 3 3 .  7 0 2 8 0 .  3 7 5 2 6 .  7 4 4 6 1 .  
R A T I O  O F  P R O J E C T E D  T O  A V E R A G E  P R O D U C T I O N  
1 , 5 3  1 . 5 7  1 « 5 6  1 . 5 5  1 . 5 8  1 . 5 8  1 . 5 5  1 . 6 6  1 . 6 5  
T a b l e  4 7  ( c o n t d )  
BEANS : 
C R C I P  R E P O R T I N G  D I S T R I C T  
3  4  5  6  
T E N  y f / > i ?  a v e r a g e  s h a r e  o f  s t a t e  
0 . 1 7 6 5  0 . 1 6 5  6  c . r 4  7 2  0 . 1 3 9 3  0 . 1 9 3 0  0 . 0 5 6 4  0 . 0 7 0 8  0 . 0 6 4 8  c . c 8 6 5  
t i m e  t r e n d  e s t i m a t e d  1 9 8 0  s h a r e  
c . 1 2 3 c  c . 1 7 3 c  0 . 0 6 3 8  0 . 1 3 6 2  0 . 1 7 5 8  0 . 1 2 0 8  0 , 1 1 2 9  0 . 0 3 1 3  0 . 0 6 3 3  
a  c o e f f i c i e n t  
0 . 2 1 6 1  0 . 1 6 0 ?  0 . 0 3 4 8  0 . '  1 6  0 . 2 0 5 7  0 . 0 0 8 6  0 . g 3 9 5  0 . 0 8 9 6  0 . 1 0 3 8  
• l .  c o e f f i c i e n t  g  
- 0 . 0 0 3 6  0 . 0 0 0  5 o .oon - 0 . 0 0 0 2  - 0 . 0 0 1 1  0 . 0 0 4 2  0 . 0 0 2 7  - 0 . 0 0 2 2  - 0 . 0 0 1 5  
r  s q u a r e d  
c . 5 1 6 0  0 . 0 5 3 7  0 . 4 5 1 6  0 . 0 3 0 1  0 . 2 9 3 0  0 . 9 2 7 7  0 . 8 1 4 6  0 . 6 7 7 2  0 . 3 8 5 2  
t - t e s t  o f  B  
- 2 , 9 2 0 6  c . 6 7 3 7  2 . 5 6 6 5  - 0 . 4 9 8 1  - 1 . 8 2 0 7  1 0 . 1 2 8 0  5 . 9 2 8 6  - 4 . 0 9 6 7  - 2 . 2 3 9 0  
p r o j e c t e d  1 9 8 0  s h a r e  
c .  1 4 9 7  o u  1 6 9 3  0 . 0 5 5 5  0 . 1 3 7 8  0 . 1 8 4 4  0 . 0 8 3 6  0 . 0 9 1 8  0 . 0 4 8 0  0 . 0 7 4 9  
p r o j e c t e d  1 9 8 0  p r o d u c t i o n  
4 0 4 2  8 . ,  4 5 7 1 5 .  1 4 9 7 7 .  3 7 1 9 2 .  4 9 7 8 7 .  2 3 9 1 7 .  2 4 7 9 3 .  1 2 9 6 4 .  2 0 2 2 6 .  
1 9 6 7 - 1 9 6 9  a v e r a g e  p r o d u c t i o n  
2 6 1  6 5 , ,  2 7 7 6 7 .  8 2 8 7 .  2 2 3 5 4 .  3 1 3 8 5 .  1 1 6 8 7 .  1 2 6 9 1 .  9 1 1 5 ,  1 3 5 8 0 .  
r a t i o  o f  p p o j e c t e d  t o  a v e r a g e  p r o d u c t i o n  
1 . 5 5  1 . 6 5  1 . 8 1  1 . 6 6  1 . 5 9  2 . 0 5  1 . 9 5  1 . 4 2  1 . 4 9  
T a b l e  4 7  ( c o n t d )  
OATS : 
c p c p  r e p o r t i n g  d i s t r i c t  
3  4  5  6  7  8  9  
T E N  Y E / Î F Î  A V E R A G E  S H A R E  O F  S T A T E  
C . 1 5 6 9  C.126C 0 . 1 6 5 5  0 . 1 2 7 C  0 . 1 2 6 2  0 . 1 4 2 2  0 . 0 5 1 5  0 . 0 4 7 1  0 . C 5 7 5  
T I N ' E  T F .IEND E S T I M A T E D  1 9 8 0  S H A R E  
C . C 9 4 9  C.OTCr, 0 . 2 7 9 5  0 , 0 9 8 2  0 . 0 6 4 3  0 . 1 9 C 9  0 . 0 4 8 9  0 . 0 7 3 8  0 . 0 7 9 2  
A  C O E F F I C I E N T  
0 . 2 0 2 8  A.16 7 4  0 .0809 0 . 1 4 8 4  0 . 1 7 2 3  0 . 1 0 6 0  0 . 0 5 3 4  0 . 0 2 7 4  0 . 0 4 1 3  
B  C O E F F I C I E N T  G  
C . 0 0 4 0  - 0 . 0 0 3 6  0 . 0 0 7 4  - C . 0 0 1 9  - 0 . 0 0 4 0  0 . 0 0 3 1  - 0 . 0 0 0 2  0 . 0 0 1 7  0 . 0 0 1 4  ^  
R  S Q U A R E D  
0 . 2 3 9 5  0 . 8 7 9 6  0 . 6 2 4 4  9 . 4 0 9 1  0 . 8 6 8 1  0 . 5 5 6 4  0 . 0 1 0 3  0 . 4 7 1 1  0 . 2 9 9 8  
T - T E S T  O F  B  
- 1 . 5 8 7 2  - 7 . 6 4 5 4  3 . 6 4 6 7  - 2 . 3 5 3 3  - 7 . 2 5 6 9  3 . 1 6 7 6  - 0 . 2 8 9 0  2 . 6 6 9 5  1 . 8 5 0 8  
P P O J E C T E O  1 9 8 0  S H A R E  
0 . 1 2 5 9  0.0901 0 . 2 2 2 5  0. 1 1 2 6  0 . 0 9 5 3  0 , 1 6 6 6  0 . 0 5 0 2  0 . 0 6 0 5  0 , 0 6 8 4  
P R O J E C T E D  1 9 8 0  P R O D U C T I O N  
7 8 8 0 .  6 ] 4 4 .  1 3 9 2 8 .  7 0 5 0 .  5 9 6 5 .  1 0 4 2 6 .  3 1 4 3 .  3 7 8 4 .  4 2 7 9 .  
1 9 6 7 - 1 9 6 9  A V E R A G E  P R O D U C T I O N  
1 4 3 2 1 .  1 1 3 0 2 .  1 8 2 3 8 .  1 2 0 7 6 .  1 1 3 1 9 .  1 4 8 9 1 .  5 3 4 5 .  5 3 3 5 .  6 1 1 7 .  
R A T I O  O F  P R O J E C T E D  T O  A V E R A G E  P R O D U C T I O N  
0 .  5 5  0 . 5 4  0 . . 7 6  0 . 5 8  0 .  5 3  0 . 7 0  0 ,  5 9  0 , 7 1  0 „ 7 0  
FED CATTLE : 
C R O P  R E P O R T I N G  D I S T P I C " ^  
3 4 5 6 
T F N  Y E A )  A V E R A G E  S H A R E  O F  S T A T E  
C . 1 4 8 7  C . I 3 2  8  0 , 0 9 8 8  C . 1 4 1 9  0 . 1 4 8 9  0 . 1 1 3 1  0 . 0 8 4 5  0 . 0 5 1 8  0 . C 7 9 4  
T I M E  " T R E N D  E S T I M A T E D  1 9 8 0  S H A R E  
^ . 2 7 3 4  C , 0 5 8 C  0 . 0 5 2 8  0 . 2 3 7 5  0 . 1 2 5 2  0 . 0 8 3 5  0 . 0 9 4 6  0 . 0 3 1 7  0 . C 4 3 4  
A  C O E F F I C I E N T  
r . l 8 6 3  C . 1 1 1 3  0 . C 4 4 6  : . 1 5 4 4  0 . 1 3 4 3  0 . 1 7 1 3  0 . 1 2 5 5  0 . 0 L 8 4  0 . 0 4 8 9  
B  C O E F F I C I E N T  
C . C 0 3 2  - C . 0 C 2 C  0 . C 0 G 3  3 . 0 0 3 1  - C . 0 0 0 5  - 0 . 0 0 3 2  - O . C O l l  0 . 0 0 0 5  - 0 . 0 0 0 2  
R  S Q U A R E D  
C . 6 5 9 8  C . 8 9 8 6  0 . 0 6 2 4  0 . 8 8 8 1  0 . 1 8 4 7  0 . 8 9 0 9  0 . 8 1 4 7  0 . 4 2 4 2  0 . C 8 4 6  
T - T E S T  O F  B  
3 , 9 3 9 3  -8.42C7 0 . 7 2 9 4  7 . 9 6 7 6  - 1 . 3 4 6 4  - 8 . 0 8 1 7  - 5 . 9 3 0 5  2 . 4 2 7 9  - 0 . 8 5 9 8  
P R O J E C T E D  1 9 8 C  S H A R E  
C . 2 4 3 4  0 . 0 7 6 4  0 . C 5 C C  C . 2 0 8 9  0 . 1 3 0 1  0 . 1 1 3 8  0 . 1 0 5 2  0 . 0 2 7 1  0 . 0 4 5 3  
P R O J E C T E D  1 9 8 0  P R O D U C T I O N  
1531. 48 C .  3 1 4 .  1 3 1 4 .  8 1 8 .  7 1 6 . ,  6 6 2 .  1 7 0 .  2 8 5 .  
1 9 6 7 - 1 9 6 9  A V E R A G E  P R O D U C T I O N  
10 21 .  3 5 5 .  2 2 5 .  8 6 5 .  5 6 9 .  5 3 6 , .  4 6 8 .  1 1 5 .  1 9 9 «  
R A T I O  O F  P R O J E C T E D  T O  A V E R A G E  P R O D U C T I O N  
1 . 5 0  1 . 3  5  1 . 4 0  1 . 5 2  1 . 4 4  1 . 3 4  1 . 4 2  1 . 4 8  1 . 4 3  
BEEF COWS: 
CROC REPORTING DISTRICT 
2 3 4 5 6 
TEN YFAf? AVERAGE SHARE OF STATE 
C.1813 C„17r3 C.,05A5 (', 1383 0.1801 0,0516 0.0671 0,0693 0.^875 
TIME TRIiND ESTIMATED 1980 SHARE 
0,0583 C.,0243 0.. 1068 0.1373 0.0800 0. 1164 0. 1335 C, 2206 0,1227 
A COEFFIOEMT 
C.0709 r„cei4 0,.0?62 0, 1 141 0, 1499 0, 2372 0,1115 0,1519 0,1063 
B COEFFICIENT 
-r,rOC5 -r„cr?l 0„0011 r.0009 -C.0026 -0,00C8 0,0008 0.0025 0.0006 
R SQUARED 
0.3852 0o9223 0.7701 0.9235 0.9192 0.8977 0,6970 0,8458 0.7166 
T-TEST OF B 
-2.2387 -9„7461 5.1763 9.8276 -9.5381 -8.3807 4.2901 6.6254 4.4973 
PROJECTED 198C SHARE 
0.0612 r ,0 3 7/. 0.0998 0. 1320 0.0961 0. 1213 0, 1285 0.2049 0.1193 
PROJECTED 1980 PRODUCTION 
121. 76. 197. 261. 190, 240. 254, 405, 235. 
1967-1969 AVERAGE PRODUCTION 
87. 67, 1 30, 175, 151, 173., 171, 261, 159, 
RATIO OF PROJECTED TO AVERAGE PRODUCTION 
1,39 1,10 1,52 1,49 l,26i 1,39 1,49 1,55 1.48 
HOGS : 
c p o ?  r e p o r t i n g  d i s t r i c t  
4 5 6 
TEN YEA? AVERAGE SHARE OF STATE 
''.1420 r.I 142 0. 1678 ^. 289 0.1224 0. 1371 0.0632 0,0578 0.0664 
TIME TREND ESTIMATED 1980 SHARE 
0.1212 C.0984 0.1339 0.1432 0.1057 0.1488 0.0851 0.0671 0.0965 
A COEFFICIENT 
C.13CÇ 0.1166 0.1358 3.1089 0.1286 0.1493 0.0680 0.0554 0,1035 
B COEFFICIENT 
-0.0004 -C.0O07 -O.OOC2 C.C013 -0.0008 -0.0000 0.0006 0.0004 -0,0003 
R SQUARED 
0.2213 0.5643 0.0217 C.9132 0.9505 0.0005 0.6819 0.4812 0.1123 
T-TEST OF B 
- 1. 5078 -3.2190 -0.4214 9 « 1727-12.5985 -0.0627 4.1409 2.7241 -1.0060 
PROJECTED 1980 SHARE 
C.1245 C.Ï067 0.1356 Col314 0.1136 0.1490 0.0792 0.0631 0.0989 
PROJECTED 1980 PRODUCTION 
3166, 2662, 3448. 3341. 2888. 3788., 2014. 1604. 2515. 
1967-1969 AVERAGE PRODUCTION 
27?C, 2276. 2972. 2747. 2486. 3167. 1680. 1321. 2113. 
RATIO OF PROJECTED TO AVERAGE PRODUCTION 
1.16 1.17 1.16 1.22 1.16 1.20 1.20 1.21 1.19 
FED LAMBS: 
CROP REPORTING DISTRICT 
? 5 6 7 8 
TEN YEAP AVERAGE SHARE OF STATE 
Co 2234 0 , 0 8 8 6  0.C4B1 C.1898 0. 1333 0. 1339 0,1123 0.0241 C.0465 
TIME TREND ESTIMATED 1980 SHARE 
G„CC37 0.139C 0.0310 0.0455 0.2299 0.1497 0.0850 0.1079 C.2084 
a  c o e f f i c i e n t  
0.4068 0.1264 0.0380 C.1581 0.0577 0.0252 0.0491 0.0721 0.0646 
B  C O E F F I C I E N T  
-O.Olcr C.CCC5 -C.00C3 -0.0042 0.0064 0.0045 C.0013 0.0013 0.0053 
r  s q u a r e d  
0. 8792 C.OOÇc. 0,01 59 0.5663 0.9293 0.8962 0.1070 0.2001 0.8164 
t - t e s t  o f  b  
-7.6332 C.2832 -0.3599 -3.2319 10.2507 8.3119 0.9791 1.4148 5.9641 
F'ROJECTED 1980 SHARE 
0.1432 0.1346 0.0334 0.0843 0,1706 0.1068 0.0726 0.0956 0.1589 
PROJECTED 1980 PRODUCTION 
10?, 96. 24. 60. 121. 76. 52. 68. 113. 
1967-1969 AVERAGE PRODUCTION 
156. 122. 33. 86. 137. 86. 56. 86. 133. 
0 . 6 5  
PATIO OF PROJECTED TO AVERAGE PRODUCTION 
0.79 0.71 0.70 0.88 0.89 0.92 0 . 7 9  0.85 
MILK COWS : 
c r o p  r e p o r t i n g  d i s t r i c t  
1  2  3  4  5  6  7  8  
T E N  y e a r  a v e r a g e  s h a r e  o f  s t a ^ e  
r . r e s s  r . c s v l  c . c 9 9 2  0 . 1 2 4 c  0 . 1 2 0 1  0 . 1 2 8 7  c . 1 2 0 9  c . 1 8 1 2  0 . 1 1 3 3  
T I M E  T P E : N D  e s t i m a t e d  1 9 8 0  s h a r e  
c . 1 1 5 4  C . C 7 7 7  c . 5 t 8 8  0 . c 4 2 3  c . 0 2 8 5  0 . 1 2 8 9  c . 0 c 4 6  g . c 1 0 2  0 . 0 1 3 5  
a  c o e f f i c i e n t  
0 . 1 0 0 6  0 . 1 2 6 4  0 .  ? 0 ' ' 4  0 . 1 0 5 8  0 . 1 0 9 8  0 . 1 2 1 7  0 . 0 6 4 5  0 , 0 8 4 4  0 . 0 7 9 5  
b  c o e f f i c i e n t  
0 . 0 0 0 5  - 0 . 0 0 1 8  f - . 0 1 3 8  - 0 . 0 0 2 4  - 0 . 0 0 3 0  0 . 0 0 0 3  - 3 . 0 0 2 2  - 0 . 0 0 2 7  - 0 . 0 0 2 4  
r  s q u a r e d  
0 . 2 8 5 8  0 . 8 9 6 0  0 . 9 8 7 5  0 . 9 8 2 4  0 . 9 8 5 7  0 . 2 0 8 3  0 . 9 8 0 9  0 . 9 6 6 7  0 . s 9 3 7  
t - t e s t  o f  b  
1. 7 8 9 4  - 8 . 3 c 2 7  2  5 . 1 3 1 8 - ^ 1 . 1 0 4 6 - 2 3 . 5 0 0 7  1. 4 5 0 6 - 2 0 . 2 5 8 2 - 1 5 . 2 4 1 3 - 3 5 . 5 4 9 0  
p r o j e c t e d  1 9 8 0  s h a r e  
o . l l p r  0 . 0 8 8 9  0 . 4 9 3 5  0 . 0 5 6 9  0 . 0 4 7 2  0 . 1 2 7 3  0 . 0 1 8 4  0 . 0 2 7 3  0 . 0 2 8 7  
p r o j e c t e d  1 9 8 0  p r o d u c t i o n  
3 7 .  3 0 .  1 6 4 .  1 9 .  1 6 .  4 2 .  6 .  9 .  1 0 .  
1 0 6 7 - 1 9 6 9  a v e r a g e  p r o d u c t i o n  
6 9 .  6 3 ,  2 6 3 .  4 5 .  4 1 .  8 0 .  2 0 .  2 7 .  2 7 .  
r a t i o  o f  p r o j e c t e d  t o  a v e r a g e  p r o d u c t i o n  
0 . 5 4  0 . 6 7  0 „ 6 2  0 . 4 2  0 . 3 8  0 . 5 3  0 . 3 1  0 . 3 4  0 . 3 5  
HENS : 
CRC): REPORTING DISTRICT 
4 5 6 7 8 
TEN YEAP AVERAGE SHARE OF STATE 
C.1268 C.lCeS C.1367 0.1 2 35 C.1189 0.1491 G.C753 G.0604 C.10C5 
TIMF TREND ESTIMATED 1980 SHARE 
C.I 564 0.128 6  P.2648 0. 1 2 64 0.1556 0.0892 G.0325 0.0152 G.C315 
A COEFFICIENT 
0.1724 0.2133 0.1125 0.1295 C.1092 0.0780 0.0704 C.0582 0.0564 
B COEFFICIENT 
C.C0C6 -C.OC?] 0.0056 -0.0001 0.0017 0.0004 -0.0014 -0.0016 -C.00D9 
R SQUARED 
C.2356 0.838C 0.9675 0.0133 0.2865 0.2339 C.7946 0.9192 0.6836 
T-TFST OF 6 
1.5703 - 6 .4321 15.4404 -0.3286 1.7923 1.5628 -5.5633 -9.5423 -4.1576 
PROJECTED 1980 SHARE 
0.1610 0.1529 0.2211 0,1273 0.1423 0.0860 0.0433 0.0275 0.0387 
PROJECTED 1980 PRODUCTION 
1894. 1799. 2601. 1697. 1674. 1012. 510. 324. 455. 
1967-1969 AVERAGE PRODUCTION 
2085. 2106. 2528. 1 628. 1773. 1081. 617. 447. 565. 
RATIO OF PROJECTED TO AVERAGE PRODUCTION 
0.91 0.85 1.03 0.92 0.94 0.94 0,83 0.72 0.81 
TURKEYS : 
CROP REPORTING DISTRICT 
1 2 3 4 5 6 7 8 9 
TEN YEAI! AVERAGE SHARE OF STATE 
C.2363 C„1317 0.0350 (.1101 0.1310 0.0792 0.0644 0.0873 C.1258 
TIMT TRil-iSiD ESTIMATED 1980 SHARE 
0.2564 [«0351 -0«0364 0,2 594 0.2203 -0.0006 -C.0146 0.0142 0.2662 
A COEFFICIENT 
0.0133 0.1937 0»1861 0.0209 0.2430 0.1128 0.0225 0.0887 0.1190 
a COEFFICIENT 
0.0090 -0.,CC59 -C,.0082 0.0088 -0.0008 -0.0042 -0.0014 -0.0028 0.0055 
R SQUARED 
0. 8095 0.6964 0,. 7477 0.9121 0.0326 0. 6691 0.6293 0.5322 0.4525 
T-TEST OF B 
5.8306 -4„2 841 -4., 8685 <),.1103 -0.5190 -4.0218 -3.6850 -3.0165 2, 5718 
Pf'.OJECTED 1980 SHARE 
0. 1666 O..OS<"6 0., 02 74 <".,1909 0.2268 0.0319 0.0000 0.0356 C. 224C 
PROJECTED 1980 PRODUCTION 
162]. 700. 238. 1658. 1970. 277. 6. 309. 1945. 
1967-1<>69 AVERAGE PRODUCTION 
902. 691. 355. 937. 1479. 363. 8. 272. 1342. 
RATIO OF PROJECTED TO AVERAGE PRODUCTION 
1.80 l.Cl 0.67 1.77 1.33 0.76 0.00 1.14 1.45 
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APPENDIX C: GRAB MOVEMENT INFORMATION 
Table  48. Corn sales estimation model, analysis of variance and information concerning estimated 
coefficients in prediction e;luation 
DF 
Analysis of variance 
Sum of squares Mean square F ratio 
Variation due to 
total (corrected) 
Regression 
Res LGual 
197 
5  
192 
869,371,227.868215 
845,044.158.208935 
24,327,069.659280 
169,008,831.641787 
126,703.487809 1,333.8925 
Multiple R" = 0.97202 
Variable 
Information concerning estimated coefficients in prediction equation 
Coefficient t-value Standard error Standard coefficient 
Year 1964 
Corn 
Beans 
Cattle 
Pigs 
9.463914 
0.718260 
0.000629 
••0.019667 
-0.009040 
0.1437 
43.1503 
10.9526 
-13.3680 
-20.3524 
65.343940 
0.016646 
0.000057 
0.001471 
0.000444 
0.002258 
1.103900 
0.222455 
-0.227530 
-0.382480 
Intercept -327.933972 -4.0065 81.850568 •0,382480 
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Table  49 .  Estimated corn, soybean, and oat sales by crop reporting 
district and Iowa total crop years 1964-1969 
District 1964 1965 1966 1967 1968 1969 
(000 bushels) 
Corn 
1 47,671 51,836 64,669 58,739 50,795 79,143 
2 62,811 56,992 75,457 84,328 81,396 77,978 
3 29,899 18,309 33,592 41,564 38,834 34,244 
4 53,347 52,280 63,001 62,701 51,411 66,880 
5 75,391 74,525 83,988 93,993 90,958 85,637 
6 43,054 34,510 41,391 56,366 45,188 47,992 
7 30,849 22,622 35,136 35,330 22,095 36,216 
8 17,455 16,171 20,379 12,743 18,555 13,642 
9 34,719 26,646 31,699 40,320 32,773 33,443 
IOWA 395,196 353,890 449,310 486,084 432,005 475,176 
S0"yuca.ri5 
1 21,981 19,614 26,113 23,231 24,868 28,890 
2 18,896 19,471 23,409 23,966 28,656 29,087 
3 5,020 6,466 6,973 6,917 8,784 8,687 
4 17,056 16,797 20,052 19,225 23,675 22,882 
5 22,341 22,674 25,894 26,793 34,026 31,539 
6 6,260 7,967 8,080 9,453 12,480 12,451 
7 7,840 9,314 11,342 10,383 12,998 13,967 
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Table 49 (contd) 
District 1964 1965 1966 1967 1968 1969 
(000 bushels) 
8 7,541 8,168 8,865 6,910 11,003 8,915 
9 9,676 10,337 10,502 10,611 14,660 14,695 
IOWA 116,609 120,807 141,235 137,490 171,150 171,121 
Oats 
1 4,316 4,105 4,471 4,185 3,772 4,478 
2 3,831 3,533 3,370 3,205 3,996 2,795 
3 5,347 5,518 5,023 5,068 6,818 4,307 
4 3,726 3,198 3,636 3,362 4,015 3,255 
5 3,807 3,293 3,483 3,297 4,136 2,605 
6 4,419 4,250 4,190 4,148 5,343 3,690 
7 1,306 1,229 1,453 1,544 1,833 1,339 
8 1,356 1,193 1,561 1,426 2,178 1,164 
9 1,753 1,412 1,879 1,647 2,405 1,399 
IOWA 29,861 27,731 29,070 27,882 34,499 25,031 
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Table 50. Estimated fall movement of corn by crop reporting district and 
Iowa for crop years 1964-1969 
District 1964 1965 1966 1967 1968 1969 
(000 bushels) 
6,253 4,141 18,019 18,114 23,098 24,795 
6,131 9,190 19,394 28,227 28,083 31,262 
4,915 7,104 9,604 13,320 11,717 10,521 
13,681 11,155 24,925 16,765 23,014 28,545 
13,210 15,927 28,873 30,113 27,303 49,538 
9,553 11,213 13,115 17,708 16,472 18,122 
7,065 7,675 8,902 9,363 5,949 13,525 
4,865 3,239 5,709 7,142 8,425 5,079 
10,561 14,733 13,117 23,455 17,657 17,538 
IOWA 76,233 84,378 141,657 164,206 161,718 199,023 
Table 51. Fall corn noveinent estimation model, analysis of variance and information concerning 
estimatcd coefficients in pre diction equation 
Analysis of variance 
DF Sum of squares Mean square F ratio 
iation due to 
JLal (corrected) 53 0.187935 
Regression 9 0.138588 0.015399 
Res idue.1 44 0,049348 0.001122 13.7299 
Multiple - 0.73742 
Variable Coeffic ient; t-value Standard error Standard coefficient 
District 1 -0.00509% -0.2265 0.022510 -0.027158 
" 2 -0.01342% -0.6633 0.020236 -0.071503 
3 -0.04316^ -2.0423 0.021136 -0.229949 
4 0.007707 0.3633 0.021212 0.041056 
5 0.001529 0.0773 0.019773 0.008148 
6 -0.032931 -1.5878 0.020742 -0.175449 
7 -0.035408 -1.7111 0.020693 -0.188625 
8 -0.015320 -0.7418 0,020653 -0.081613 
Percent shelled 0.34200A 8.2196 0.041608 0.764575 
Intercept 0.046574 1.8277 0.025483 
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Table 52. Statistical results of logistic growth function applied to 
field shelling of corn by district^ 
Regression coefficients ^ ^ 
District a b R t 
1 -19.12 0.270 0.939 8.7 
2 -21.30 0.312 0.906 7.0 
3 -22.88 0.333 0.971 12.9 
4 -14.05 0.199 0.876 5.9 
5 -22.18 0.329 0.959 10.9 
6 -21.04 0.307 0.862 5.6 
7 -17.55 0.254 0.959 10.8 
8 -20.86 0.305 0.874 5.9 
9 -16.58 0.252 0.934 8.4 
^The growth function utilized in the regression had the form 
p 
log^( p ) = a + bt where P = percent field shelled and t = year, 
''t-test of significance of b coefficient. 
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APPENDIX D: GRAIN MARKETING COST INFORMATION 
Table 53. Selected investment costs for various size elevator models^ 
Model size 
Building 
construction 
cos 
Building 
equipment 
cost 
Dryer 
equipment 
cost 
Land 
cost 
Total building 
and all equip­
ment cost^ 
(dollars) 
350,000 232,0.3 0 72,945 59,944 5,000 374,854 
500,000 336,6)0 83,070 71,989 5,000 507,131 
1,000,000 570,4'f4 116,820 71,989 7,500 784,186 
1,500,000 804,190 150,570 101,129 10,000 1,089,131 
2,000,000 1,037,940 212,815 131,933 15,000 1,424,935 
2,500,000 1,271,6)0 246,565 143,978 17,500 1,712,391 
3,000,000 1,505,440 284,815 173,118 22,500 2,020,942 
3,500,000 1,739,l')0 318,565 173,118 27,500 2,295,565 
4,000,000 1,972,940 356,815 202,258 30,000 2,603,888 
^Source: (24, pjD. 108-111). 
^Includes building, building equipiiuBnt, dryer equipment, heat detection and aeration. 
Table 54. Grain markc;ting costs in an c.i'ea with 10,000, 20,000, 30,000, and 40,000 bushels per 
square mile marketing densit) with alternative elevator turnover rates and trade 
area sizes 
Average combined assembly and in-plant costs'^ 
Turnover rate 
1.5 ;%0 2_^ 3.0 
(dollars per bushel) 
10.000: 
4 320 .030 .196 .172 .156 .147 
5 500 .031 .180 .158 .144 .135 
6 720 .032 .168 .148 .135 .127 
7 980 .033 .159 .141 .129 .121 
8 1,280 .034 .152 .135 .123 .116 
9 1,620 .034 .147 .130 .119 .112 
10 2,000 .035 .142 .126 .116 .109 
11 2,420 .036 .138 .123 .113 .107 
12 2,880 .037 .135 .120 .111 .105 
13 3,380 .038 .132 .118 .109 .103 
14 3,920 .039 .129 .116 .107 .102 
15 4,500 .040 ,127 .114 .106 .100 
16 5,120 .041 .125 .113 .104 .099 
17 5,780 .042 .124 .111 .103 .098 
18 6,480 .042 .123 .110 .103 .098 
19 7,220 .043 .121 .109 .102 .097 
20 8,000 .044 .120 .109 .101 .097 
Trade 
area Plant^ Average 
size volume assembly 
(miles) (000 bus.) cost 
20.000: 
4 640 .030 .170 -150 .136 .128 
5 1,000 .031 .157 .138 .126 .119 
6 1,44(1 .032 .147 .130 .119 .112 
7 1,960 .033 .140 .124 .114 .107 
8 2,560 .034 .134 .119 .109 .103 
9 3,240 .034 .129 .115 .106 .100 
10 4,000 .035 .125 .112 .103 .098 
11 4,840 .036 .122 .109 .101 .096 
12 5,760 .037 .120 .107 .099 .094 
13 6,760 .038 .117 . 105 .098 .093 
14 7,840 .039 .115 .104 .096 .092 
15 9,000 .040 .114 .102 .095 .091 
16 10,240 .041 .112 .101 .094 .090 
17 11,560 .042 .111 .100 .094 .089 
18 12,960 .042 .110 .100 .093 .089 
19 14,440 .043 .109 .099 .093 .089 
20 16,000 .044 .109 .098 .092 .088 
^Mlles from plant; to periphery of tirade area, assuming grid road system. 
t 
Volume of grain handled in specified size of trade area, elevator storage capacity is equal 
to grain volume divided by the turnover : ate. 
^Total of average: assembly costs ar.cl in-plant costs, average assembly costs do not vary with 
elevator turnover rate or grain marketing density. 
ab  ]  ( î  5 i (c  ont d ) 
Trade 
area P]ant^ Average 
s Izc volume assembly 
(nil e s )  ( 0 0 0  bus.) cost 
4 960 .030 
5 1,500 .031 
6 2,160 .032 
7 2,940 .033 
8 3,840 . 034 
9 4,860 .034 
10 6,000 .035 
11 7,260 .036 
12 8,640 .037 
13 10,140 .038 
14 11,760 .039 
15 13,500 .040 
16 15,360 .041 
17 17,340 .042 
18 19,440 .042 
19 21,660 .043 
20 24,000 . 044 
Average combined assembly and in-plant costs'' 
Turnover rate 
1.5 2^0 2^5 3.0 
(dollars per bushel) 
30,000: 
.157 
.145 
.136 
.130 
.125 
.120 
.117 
.114 
.112 
.110 
.108 
.107 
.106 
.105 
.104 
.103 
.102 
.139 
.128 
.121 
.115 
.111 
.107 
.104 
.102 
.100 
.099 
.097 
.096 
.095 
.095 
.094 
.094 
.093 
. 126 
.117 
.111 
.106 
.102 
.099 
.097 
.095 
.093 
.092 
.091 
.090 
.089 
.089 
.088 
.088 
.088 
.119 
.110 
.104 
.100 
.097 
.094 
.092 
.090 
.089 
.088 
.087 
.086 
.085 
.085 
.085 
.084 
.084 
40,000 
4 1,280 .030 .149 
5 2,000 .031 .137 
6 2,880 .032 .129 
7 3,920 .033 .123 
8 5,120 .034 .118 
9 6,480 .034 .115 
10 8,000 .035 .111 
11 9,680 .036 .109 
12 11,520 .037 .107 
13 13,520 .038 .105 
14 15,680 .039 .104 
15 18,000 .040 .102 
16 20,480 .041 .101 
17 23,120 .042 .100 
18 25,920 .042 .100 
19 28,880 .043 .099 
20 32,000 .044 .099 
131 .120 .113 
121 .111 .105 
115 .105 .099 
109 .101 .095 
105 .095 .092 
102 .095 .090 
100 .093 .088 
098 .091 .086 
096 .089 .085 
095 .088 .084 
093 .087 .083 
092 .087 .083 
092 .086 .082 
091 .086 .082 
091 .085 .082 
090 .085 .082 
090 .085 .081 
Table 55. Statistical cost models, analysis of variance and information concerning estimated co-
efficients in prediction equation 
MODEL 1 
Variation due to 
total (corrected) 
Regress Ion 
Res idual 
DF 
167 
6 
161  
Analysis of Variance 
Sam of squares 
3,336,538,742,866.995000 
3 ,066,709,977,126.158000 
269,828,765,740.837900 
Mean square F ratio 
511,118,329,521.026200 
1,675,955,066.713279 304.9714 
Multiple R = 0.91913 
Information concerning estimated coefficients in prediction equation 
Var. no. Coefficient t-value Standard error Standard coefficient 
Grain sales (bus.) 0.062660 6.8424 0.009158 0.235594 
Feed sales (tons) 22 .599365 11.5864 1.950515 0.343457 
Fertilizer sales (tons ) 22.087201 6.2885 3.512313 0.236833 
Other sales (dollars) 0.148977 11.7900 0,012636 0.353244 
Grain sales /storage 
capacity -5491.892518 -2.3461 2340.822520 -0.129200 
Grain sales / storage 
capacity^ 114.498512 1.6816 68.087737 0.091175 
Intercept 40,672.097314 4.0571 10,024.959253 
MODEL II 
Analysis of Variance 
DF E um of squares Mean square F ratio 
\'ariation due to 
total (corrected) 3 67 3,336, 538,742,866.995000 
Regression 6 3,076, 080,441,607.761000 512,680,073,601. 293500 
Residual 161 260, 458,301,259.234400 1,617,753,423. 970400 316.9087 
Multiple = 0.92194. 
Infcirination concerning estimated coefficients in prediction equation 
Var. no. Coefficient t-value Standard error Standard coefficient 
Grain sales (bus.) 0.070456 7.9051 0., 008913 0 264907 
Feed sales (tons) 21.831654 11.4918 1.899765 0. 331789 
Fertilizer sales (tons) 20.929505 6.0459 3.,461753 0. 224420 
Other sales (dollars) 0.144051 11.8695 0.,012136 0. 341565 
Total sales/storage 
capacity -18, 118.409407 -3.2531 5,569.659299 -0. 171654 
Total sales/storage 
capac ity2 940.723381 2.3414 401.,780019 0. 123717 
Intercept 48, 204.209619 4.8079 10,025 .,981655 
Table 56. Present; value of costs incuri <id under selected discouni; rates, inflation rates, demand 
growth, and alternative expansion plans for elevators 
Annual demand Discount rate = 10% Discount rate = 15% 
g r owth 1 2 3 4 1 2 3 4 
Plan Plan 
(chous. bus.) (Thousands of dollars) 
InflatIon = 1% 
125. 1,767 1,983 2,658 4,233 1,244 1,486 2,214 3,805 
250 2,754 2,800 3,259 4,401 1,910 2,047 2,592 3,895 
375 3,377 3,:'08 3,634 4,504 2,434 2,479 2,905 3,962 
500 3,859 3, (.38 3,876 4,572 2,897 2,793 3,133 4,011 
625 4,183 3,960 4,132 4,619 3,231 3,132 3,403 4,047 
750 4,294 4,035 4,164 4,652 3,343 3,205 3,428 4,074 
875 4,352 4,: (il 4,310 4,679 3,391 3,467 3,593 4,096 
1,000 4,382 4,:i37 4,328 4,699 3,416 3,549 3,608 4,113 
Inflation = 2% 
125 1,942 2,146 2,794 4,324 1,322 1,558 2,274 3,861 
250 3,013 3,026 3,448 4,520 2,044 2,165 2,693 3,964 
375 3,647 3,540 3,831 4,634 2,588 2,613 3,019 4,037 
500 4,120 3,(l()6 4,071 4,707 3,056 2,932 3,251 4,089 
625 4,434 4,176 4,318 4,757 3,389 3,267 3,518 4,128 
750 4,541 4,: 50 4,351 4,792 3,501 3,341 3,545 4,156 
875 4,601 4,^63 4,490 4,819 3,551 3,595 3,706 4,179 
1,000 4,633 4,536 4,509 4,840 3,577 3,676 3,721 4,197 
Inflation = 3% 
125 2,153 2,345 2,959 4,428 
250 3,314 3,286 3,668 4,657 
375 3,952 3,804 4,056 4,784 
500 4,413 4,123 4,292 4,862 
625 4,712 4,418 4,527 4,916 
750 4,815 4,491 4,562 4,952 
875 4,878 4,689 4,692 4,981 
1 ,000 4,911 4,758 4,711 5,002 
Inflation = 4% 
125 2,412 2,588 3,161 4,548 
250 3,665 3,590 3,924 4,818 
375 4,300 4,105 4,312 4,959 
500 4,742 4,413 4,543 5,043 
625 5,025 4,691 4,765 5,100 
750 5,122 4,762 4,801 5,138 
875 5,188 4,944 4,922 5,168 
1 ,000 5,222 5,008 4,942 5,190 
^Plan 1 = expand at rate of one-half million bushels each 
2 = expand at rate of 1 million bushels each time ; 
3 = expand at rate of 2 million bushels each time ; 
4 = build 4 million bushels elevator initially. 
1,413 1,642 2,344 3,922 
2,195 2,299 2,806 4,039 
2,759 2,761 3,145 4,119 
3,230 3,082 3,379 4,175 
3,559 3,414 3,643 4,216 
3,671 3,488 3,671 4,246 
3,723 3,733 3,827 4,269 
3,750 3,813 3,844 4,288 
1,519 1,741 2,426 3,987 
2,366 2,449 2,933 4,121 
2,948 2,925 3,284 4,210 
3,419 3,247 3,519 4,270 
3,745 3,573 3,779 4,313 
3,855 3,647 3,808 4,344 
3,909 3,883 3,959 4,369 
3,938 3,961 3,976 4,388 
time ; 
T a b l e s  5 ( 3  ( c o n t d )  
Annual demand Discount rate = 10% Discount rate = 15% 
growth 1 2 3 4 1 2 3 
Plan Plan 
(thovis. bus.) (Thousands of dollars) 
Inflation = 5% 
125 2,730 2,889 3,411 4,690 1,644 1,857 2,522 4,059 
250 4,077 3,946 4,223 5,010 2,561 2,620 3,078 4,213 
375 4,699 4,452 4,609 5,165 3,158 3,107 3,438 4,311 
500 5,116 4,745 4,831 5,256 3,628 3,429 3,674 4,375 
625 5,379 5,002 5,038 5,317 3,947 3,746 3,927 4,421 
750 5,469 5,070 5,076 5,357 4,056 3,820 3,958 4,453 
875 5,538 5,235 5,187 5,388 4,112 4,046 4,104 4,479 
1,000 5,573 5,294 5,207 5,411 4,141 4,121 4,121 4,499 
Inflation = 6% 
125 3,123 3,264 3,722 4,859 1,793 1,996 2,637 4,139 
250 4,564 4,366 4,577 5,240 2,785 2,815 3,242 4,317 
375 5,160 4,853 4,955 5,413 3,394 3,311 3,611 4,424 
500 5,545 5,128 5,167 5,511 3,858 3,630 3,846 4,493 
625 5,783 5,361 5,355 5,575 4,168 3,937 4,092 4,542 
750 5,865 5,425 5,395 5,617 4,274 4,011 4,124 4,576 
875 5,937 5,571 5,495 5,649 4,333 4,225 4,263 4,603 
,000 5,973 5,625 5,516 5,673 4,364 4,297 4,281 4,623 
Inflation = 7% 
125 3,615 3,134 4,109 5,065 1,971 2,163 2,775 4,229 
250 5,142 4,(64 4,998 5,521 3,043 3,039 3,431 4,435 
375 5,696 5,: 23 5,362 5,713 3,659 3,540 3,806 4,554 
500 6,040 5,f 73 5,560 5,818 4,113 3,854 4,038 4,628 
625 6,250 5,7 79 5,728 5,886 4,413 4,149 4,274 4,680 
750 6,321 5,(38 5,770 5,930 4,515 4,222 4,308 4,715 
875 6,396 5,9 63 5,857 5,964 4,577 4,423 4,440 4,743 
1,000 6,434 6,01.1 5,879 5,989 4,608 4,492 4,459 4,764 
Inflation - 8% 
125 4,231 4,328 4,594 5,319 2,185 2,365 2,943 4,331 
250 4,831 5,459 5,503 5,866 3,341 3,297 3,649 4,572 
375 6,325 5,8 77 5,846 6,080 3,958 3,799 4,027 4,703 
500 6,618 6,C97 6,028 6,193 4,399 4,105 4,255 4,783 
625 6,795 6,271 6,172 6,265 4,685 4,386 4,480 4,837 
750 6,854 6,325 6,216 6,311 4,783 4,457 4,515 4,874 
875 6,932 6,427 6,290 6,347 4,847 4,644 4,639 4,903 
1,000 6,972 6,468 6,313 6,373 4,879 4,710 4,658 4,925 
lab le* 36 (çontd ) : 
Annual demand Discount rate = 10% Discount rate = 15% 
growth 1 2 3 4 1 2 3 4 
Plan Plan 
(thous. bus.) (Thousands of dollars) 
Inflation = 9% 
125 5,009 5,033 5,203 5,634 2,446 2,611 3,147 4,450 
250 6,659 6,174 6,112 6,295 3,687 3,596 3,901 4,733 
375 7,068 6,535 6,427 6,533 4,298 4,094 4,279 4,877 
500 7,299 6,719 6,589 6,655 4,720 4,389 4,501 4,962 
625 7,437 6,857 6,707 6,732 4,989 4,653 4,713 5,020 
750 7,483 6,905 6,753 6,780 5,082 4,722 4,750 5,059 
875 7,565 6,982 6,812 6,817 5,148 4,894 4,865 5,089 
000 7,605 7,016 6,836 6,844 5,182 4,955 4,885 5,112 
Inflation = 10% 
125 5,997 6,048 5,972 6,032 2,765 2,914 3,398 4,590 
250 7,659 7,041 6,853 6,834 4,092 3,946 4,195 4,923 
375 7,953 7,326 7,131 7,098 4,687 4,432 4,569 5,082 
500 8,110 7,455 7,269 7,230 5,084 4,713 4,784 5,174 
625 8,204 7,553 7,357 7,311 5,333 4,957 4,980 5,235 
750 8,233 7,603 7,405 7,362 5,419 5,023 5,019 5,276 
875 8,318 7,654 7,449 7,400 5,488 5,178 5,124 5,307 
000 8,361 7,679 7,474 7,428 5,523 5,235 5,145 5,331 
